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GEOLOGY AND PALEONTOLOGY OF CANAL ZONE AND ADJOINING PARTS OF PANAMA

DESCRIPTION OF TERTIARY MOLLUSKS (ADDITIONS TO GASTROPODS,
SCAPHOPODS, PELECYPODS: NUCULIDAE TO MALLEIDAE)

By W. P. WooprinG

ABSTRACT

Chapter E adds 112 described species and subspecies (a few
briefly described) to the some 440 covered in preceding chapters :
27 additional gastropods, 18 scaphopods, and 67 pelecypods in
10 families. It is estimated that about 125 species are to be
added in chapter F, the flnal chapter.

The Arcidae is by far the largest family in the pelecypods so
far studied : 30 species in six genera. The genus Anadara is the
largest in that family: 25 species, representing the subgenera
Hawaiarca?, Rasia, Toserca, Grandiarca, Potiarca, and Cune-
arca. Potiarca, based on a living western Pacific species, is
adopted for many American species heretofore assigned to
Cunearca.

Eighteen of the 27 additional gastropods were found at a new
locality in the late Eocene part of the Gatuncillo formation.
They are assigned to 16 genera, 14 of which are not represented
at other Gatuncillo localities. The genera include Faunus, Tym-
ponotonos, and Bezanconia, which are rare in America, and the
rare endemic American genus Harrisianella.

The marine member of the Bohio(?) formation is now as-
signed to the late Eocene, instead of late Eocene or early Oligo-
cene—the only change in age assignment. Eocene affinities are
especially strengthened by the presence of Samanoetia sama-
nensis and Volvariella?, if indeed the unnamed species represents
that genus, as seems likely. Both the marine member of the
Bohio(?) and the late Oligocene part of the Bohio contain early
small species of Anadarae, subgenus Rasig.

The fossils from the moderately deep-water facies of the late
Oligocene Caimito formation include the earliest hexagonal Den-
talium of the subgenus Dentalium s.s., from the American main-
land, and a widespread and abundant species of the essentially
deep-water subgenus Fissidentalium.

Anadara chiriquiensis chiriquiensis, a relatively small form
of the subgenus Grandiarce that is widely distributed in the
Miocene Caribbean provinee, occurs in the Culebra formation.
For the most part it indicates brackish water.

Among the fossils from the La Boca formation proper, Cy-
phoma aff. C. intermedia is the earliest representative of an
endemic American genus, and Isognomon mimeticus, a remark-
able, narrowly mytiliform species is the type of the new sub-
genus Mimonion. Both the Culebra and La Boca, both of early
Miocene age, contain predecessors of Gatun species.

As in other chapters, the largest number of species is from the
middle Miocene Gatun formation: 50 species. Bailya crossate
is the first Tertiary species of the genus from the Caribbean
region, and the earliest now known. A bizarre, incomplete gas-
tropod is described as xancid? genus? The Gatun contains 13

of the 24 species of Anadara and half of the 12 species of the
subgenus Rasia of that genus. In consideration of two battered
and worn specimens of a large form of the subgenus Grendi-
arca, identified as Anaedare grandis patricia?, the similar Ter-
tiary forms in the Caribbean region are reviewed and divided
into a brackish-water group and a marine group. The Gatun
fauna now totals some 330 species.

INTRODUCTION

Chapter E covers 112 species and subspecies, dis-
tributed as follows:

Species and subspecies of mollusks described in chapter E

Number of
species and
Formation subspecies
Eocene series :
Gatuncillo e 22
Marine member of Bohio*(?)___ - 8
Oligocene series :
Bohio® _ —— e 5
Caimito — - 7
Miocene series :
Culebra 7
La Boca proper__ — 23
Alhajuela 5
Gatun? 50
Chagres proper 6

15 SPaRich ortnography Gaton.

The original list of fossil localities was published on
pages 112-130 of chapter A, but others were added in
succeeding chapters, except the present one.

In the distribution tables the designation “sp.” in
locality columns indicates an incomplete or poorly pre-
served species that may or may not be the same as that
in the species column, and the designation “%sp.” indi-
cates that the genus is questioned. Symbols for relative
trequency are as follows:

Symbols used for relative frequency

Number

0
Symbol specimens
R, rare.._._ e 1-2
F, few__ - - - - 35
C, common_____________ - 620
A, abundant______ e >20
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CHANGE IN AGE ASSIGNMENT

As provisionally forecast in chapter D (p. 305), the
age assignment for the marine member of the Bohio( ?)
formation is changed from late Eocene or early Oligo-
cene to late Focene.

It should be understood that the age assignments are
Lyellian ages, not planktonic foraminiferal ages. For
the Neogene of America, planktonic foraminiferal ages
are almost invariably too young in terms of Lyellian
ages.

NEW GENERIC AND SUBGENERIC NAMES

The following new generic and subgeneric names are
proposed.

Charadreon, Pseudomelaniidae ?

Type: Charadreon leptus Woodring, n. sp., Gatun-
cillo formation, Eocene, p. 469. Gender masculine.

Leptomurex, Muricidae, Ocenebrinae ?

Type: Leptomurex acares Woodring, n. sp., Gatun-
cillo formation, Eocene, p. 476. Gender masculine.

Lissanucula, subgenus of Ennucula, Nuculidae.

Type: Nucula (Nuculopsis) hilli Woodring, Bow-
den formation, Jamaica, Miocene, p. 489. Gen-
der feminine.

Mimonion, subgenus of /sognomon, Isognomonidae.
Type: Isognomon (Mimonion) mimeticus Wood-
ring, n. sp., La Boca formation, Miocene, p. 526.
Gender masculine.

FAUNAL SUMMARIES

EOCENE SERIES
GATUNCILLO FORMATION

'The species from the Gatuncillo formation are listed
in the following table. They include 19 collected by
Mr. R. H. Stewart, geologist of the Panama Canal
Company, and his assistants at a new locality on the
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upper course of Rio Palenque, 3.4 km west of Nuevo
San Juan. This locality was mentioned on pages 303
and 304 of chapter D, and was entered on page 301 as
report locality 28b. According to a communication from
Mr. Stewart, the Gatuncillo formation, consisting of
conglomerate, siltstone, and silty mudstone, rests with
marked unconformity on dark gray and green siliceous
limestone of the basement complex. The fossils represent
an unusual mixed shallow-water and moderately shal-
low-water biofacies—unusual for the Gatuncillo forma-
tion. Fifteen of the Gatuncillo genera so far covered
were not found at other Gatuncillo localities. Though
the matrix consists of silty mudstone, it contains no
foraminifera or ostracodes. Faunus now lives at the
mouth of rivers in the western Pacific area and
Tympanotonos in the same habitat along the coast of
tropical western A frica.

Additional gastropods and pelecypods (Nuculanidae to Malleidae)
Sfrom Gatuncillo formation

Localities
Madden |RfoPa-| Rio Cerro Rio
basin lenque | Frijol | Pelado| Casaya
area area
9 | 11] 12 23b 32 37 38
Gastropods:
Nerita listrota Woodring, n.sp...|._]...}.... R
Nerita hadre Woodring, n.sp__._.}._J.__{....] A
Neritina ectypha Woodring, n. sp- —— C
li\fei’imia ne. (diorap he) elachis- | | | B
einostoma (Idioraphe) elachis-
tumWoodrs.ng ........... el A
BayamacpelysWoodri y I sp I N A
Charadreon leptus Woo ng, J A
Fauhb?&éh'z&hi‘ﬁ&&&}iﬁ;;',ii‘ébl.‘..‘ ) A
Pota-mzdes? micrauler Woodring, F
Hanmt’&ﬁﬂ'ﬁt’ﬁ*ﬁ&&&ﬁi‘g’,"" B Y I R
) (I RN A e R
Tgimpanotonoa acanthodes Wood- A
Harrionets camptios Wosds | TTTTC| A pp
ring, n. 8P oco oo 4 A Lo
Bezanconia cosmeta Woodring, A
Cazyptfde'éii's}nf&i;'vbb}iﬁﬁ}{g",""sf"f .'I.'i'.'.'.' TS N N I
Globularia (Globularia) megista
Woodring, n. 8P oo coeooooo [ PR B, A |l
Leptomurex acares Woodring, n.
@mi&'(‘i"ﬁi&ﬁ&i;&i&)' R D I I
Leptadrillia? n.sp. ... _...._..- I .
Pelecypods:
Saccella SP.- oo B
Glycymeris (Glycymeris) cf. G.
caracoli Anderson._.._..___....
Brachidontes? sp.2.
Modialus? sp.! ’..._ -
Atring SP- oo cmemaea S I
Exputem bostrychodes Woodring
V) + I, i

1 Recorded on p. 68 as Hannatoma? cf. H. emendorferi Olsson.
2 Not described.

Several of the gastropods from locality 23b are note-
worthy. So far as I am aware, the operculum of Neri-
tina ectypha, which was in place in the aperture of a
shell, is the first fossil Neritina operculum to be re-
corded from America. Charadreon leptus, the type of a
new genus of uncertain affinities, is represented by an
estimated thousands of specimens and Hannatoma
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antyx by some 300. Faunus, Tympanotonos, and Bezan-
conia are rare in America, and Harrisianella is a rare
Eocene endemic American genus. Leptomurex acares is
the type of a new muricid genus. Its suture is not in the
expectable location, but is a third of the way up the pre-
ceding whorl. An unnamed new species of C'ymia is the
earliest species of the subgenus 7'ritonopsis and of C'y-
miaa itself.

An unusual species of the Eocene genus Ezputens, E.
bostrychodes, was collected in Madden basin and in the
Rio Frijol area.

Bayania, Charadreon, Hannatoma, Harrisianella,
Bezanconia, Globularia, Leptomures, Tritonopsis, and
Exputens are extinct.

Though all except one of the unequivocally identified
species and also the unnamed Cymia are endemic, sev-
eral others are related to species that occur elsewhere,
as shown in the following table.

Mollusks from Gatuncillo formation and occurrence elsewhere of
same or related species

Species from Gatuncillo formation Occurrence elsewhere of same or related

specles

Gastropods:

Nerita listrota Woodring,
n.sp.
Teinostoma (Idioraphe)

elachistum Woodring, n.sp.

Bayania epelys Woodring,
n.sp.

Faunus zenicus Woodring,
n.sp.

Hannatoma antyz Woodring,
n.sp.

Tympanotonos acanthodes
Woodring, n.sp.

Harrisianella camptica
Woodring, n.sp.

Bezanconia cosmeta Wood-

ring, n.sp.
Globularia (Globularia)
megista Woodring, n.sp.
Cymia (Tritonopsts) n.sp.

Pelecypod:
Glycymeris (Glycymeris) cf.
G. caracoli Anderson.

N. planospira Anton, Holo-
cene.

T. harrisi Palmer, middle
Eocene, Virginia.

B. lactea (Lamarck), early to
late Eocene, western
Europe.

F. ater (Linné), Holocene.

H. emendorferi Olsson, late
Eocene, Pert, Colombia,
Venezuela.

T. sp., middle Eocene,
Jamaica.

Late Eocene, Tonos{ area,
Panami.

B. spirata (Lamarck), middle
Eocene, western Europe.
G. recurva dumbles (Heilprin),

middle Eocene, Texas.

C. subalveata (Conrad), early
Oligocene, Mississippi.

G. caracoli Anderson, late
Eocene, Colombia.

MARINE MEMBER OF BOHIO(?) FORMATION

The table below lists the species from the marine

member of the Bohio(?) formation. (For objections
to that stratigraphic designation see page 804 of chap-
ter D.) The identification of the unnamed Volvariclla?
is questioned solely because the columella is unknown.
If it is a Volvariella, it is the youngest and largest spe-
cies. Cadulus dolichus and the unnamed species are the
earliest species of the subgenus Gadilopsis. Despite its
age, Saccella phlyctaena is more similar in size and out-
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line to 8. acuta, which ranges from Miocene to the pres-
ent time, than younger species of the genus in the
faunas under consideration. Anadara carmanensis and
the unnamed species are early small species of the sub-
genus Rasia. Samaonoetia samanensis, the most charac-
teristic species, was found in the three areas where this
unit is recognized and was collected at Vamos Vamos
by every collector who visited that now submerged lo-
cality, beginning with Alexander Agassiz in 1891 and
ending with MacDonald and Vaughan in 1911.

Eocene affinities are strengthened by the presence of
Anadara carmenensis, which occurs in late Eocene de-
posits in Colombia, Samanoetia samanensis, found in
the late Focene of Perd, and presumably by Volvar:-
ella?. Samanoetia and presumably Volvariella? are
extinct.

An additional gastropod, scaphopods, and pelecypods (Nuculanidae
to Noetiidae) from marine member of Bohio (£) formation

Localities
Palen-
Vamos Vamos quilla Trinidad
Point Island
40 [40a | 40b| 40d | 40e | 41 |4la | 41b| 42 |42a|42¢
Gastropod:
Volvariella? sp_.-.......___. R N N I DU s < T U s . SN SO S
Secaphopods:
Dentalium sp.to.._____.____. (RORN 0 N RO 3 2 (NSO SRR DRSO SIS U DN B
Dentalium (Laeviden-
talium?) SP- . ccooooooooo R DR NN I, JRURION) VU PRSI (N : 1 P PRSI PO
Cadulus (Gadilopsis)
dolichus Woodring, n.sp__|..._|._.__|____|..... (RO N RSO s N RN SN N
Cudulus (Gadilopsis) sp__.__ RSSO (RO I P JROEE DO N PN I
Pelecypods:
Saccella phiyctaena Wood-
NE, N SPc oo e e Fl-eel] A [ R|{F|....|] F|C|...c| R
Anadara (Rasia) carmenen-
8ig Clark. [N PN P, JEVNUINN DRI (R (N 2 20 SO ISR B
,élnadanzt(.Rasta) SP..- F RSN SV IS PN
amanoetia samanens
1037 S, F|(R|F [L.L..|]F|F|C|R|C|....

1 Not deseribed.
OLIGOCENE SERIES

BOHIO FORMATION

The few species from the upper part of the Bohio
formation on Barro Colorado Island are as follows:

Scaphopods and pelecypods (Nuculanidae to Arcidae) from upper
part of Bohio formation on Barro Colorade Island

Localities
42d | 42g | 42t
Scaphopods: L
Dentalium (Laevidentaliuvm?) sp_ - - - ..~ R oo f-—-
?adulus ) PSRRI U UPIIOUNOR [ - J PR I
Pelecypods: ]
Adrana stena Woodring, n.sp__ . ________ - |C|R L.
Portlandia (Portlandella?) euthynta Woodring, R
TLSD - e e e e e = S I |
Anadara (Rasia) lita Woodring, n.sp_._ ____ ... [O200 I R
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Adrona stena is related to A. crenifera, now living in
the eastern Pacific Ocean, and Anadare lita to the
Oligocene species 4. mississippiensis.

CAIMITO FORMATION

Barbatia cf. B. cancellaria (loc. 55b) is the only
species from the shallow-water facies of the Caimito
formation. It occurs also in the La Boca formation and
is related to B. cancellaria, living in the Caribbean
region.

The fossils found in the moderately deep-water facies
of the Caimito on Barro Colorado Island are listed
below. Dentalium armillatum proterum, a forerunner
of the Gatun nominate subspecies, is the earliest hex-
agonal species of the subgenus Dentalium s.s. to be
recorded from the American mainland. D. uscarianum,
assigned to the subgenus Fissidentalium, was found at
six localities, as many as some 30 fairly complete speci-
mens and about 100 fragments of varying size at a local-
ity. The modern species of Fissidentalium for the most
part live in deep water : 600 to 1,800 fathoms in the west-
ern Atlantic, but as shallow as 35 to 110 fathoms in the
same region (Henderson, 1920, p. 61-65). Though Acila
isthmica isthmica occurs in the Caimito, it ranges
through the Miocene in the Canal Zone.

Scaphopods and pelecypods (Nuculidae to Nuculanidae) from
moderately deep-water facies of Caimito formation on Barro
Colorado Island

Localities

54g | 64h | 54] | 54k | 541 |64m | &4n
Scaphopods.
Dentalium (Dentalium) armillatum
proterum Woodrmg n.subsp........l.__.. C |..... (o J0 PR SR B,
Olsso talium ) uscari F
2 W (o] F .
Pelecypods: A |F |F R
Nfécula (Nucula) cf. N. spheniopsis -
______________________________________________________ R
Acila (Acila) isthmica isthmica (Brown
and Pilsbry) ... ... [ {_____[_._ F|F |R R
Jupiteria aipeia Woodring, n. sp____.._|.__.. F | (O PO SR
Saccella cf. 8. subcerata ( oodrﬂmg).. I O R S R |._... R |..__...

The occurrence elsewhere and in other Canal Zone
formations of Caimito fossils of moderately deep-water
facies, and the affinities of others are as follows:

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Mollusks from moderately deep-water facies of Caimito formation
and occurrence elsewhere and in other Canal Zone formations of
same or related species

Occurrence elsewhere and in other Canal
Zone formations of same or related

Species from Caimito formation
species

Scaphopods:
Dentalium (Dentalium) armil-
latum proterum Woodring,

D. armillatum armillatum
Toula, Gatun formation.

Early Miocene, Costa Rica.

n. subsp.
Dentalium (Fissidentalium)
Also La Boca formation.

uscarianum Olsson.
Pelecypods:
Nucula (Nucula) cf. N.
sphentopsis Conrad.

N. spheniopsis Conrad, late
Eocene to early Ollgocene,
Mississippi.

Early Miocene, Colombia;
middle Mlocene, Costa Rica,
Venezuela. Also La Boca
and Gatun formations and
Chagres sandstone.

J. II)rgfchii (Bellardi), Miocene,
t

S. subcerata (Woodring),
middle Miocene, Jamaica.

Acila (Acila) isthmica
isthmica (Brown and
Pilsbry).

Jupz'teria atpeia Woodring,

n.s
Saccella cf S subcerata
(Woodr!

MIOCENE SERIES
CULEBRA FORMATION

The present chapter covers 11 species from the early
Miocene Culebra formation, which crops out only in the
Gaillard Cut area along and near the Canal. One,
however (the only gastropod), was already recorded
and three others, identified only at the generic level, are
not described. The species are listed in the accompany-
ing table.

The unnamed, poorly preserved Anadara is doubt-
fully assigned to the central and western Pacific sub-
genus Hawaiarca, which is represented in the Carib-
bean region by very small species of early and middle
Miocene age and occurs also in the late Miocene and
Pliocene of Florida. Anadara dariensis progonics is a
small predecessor of the Gatun nominate subspecies.
Anadara chiriquiensis chiriquiensis, a greatly over-
named small form of the subgenus Grandiarca, occurs
in the Culebra. It is widespread in the Miocene of the
Caribbean region, as well as in Pertd. For the most part
it indicates brackish water. Despite its trivial name, the
type locality is in the Rio Changuinola district of the
Bocas del Toro area, in the extreme northwestern part
of Panam4. Though Mytilus canoasensis vidali is identi-
fied in the La Boca, Alhajuela, and Gatun formations,
the best representation is in the Culebra.
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Gastropod (corrected name) and pelecypods (Nuculidae to Mytilidae) from Culebra formation of Gaillard Cut area and occurrence in
La Boca formation

Localities La
Boca
forma-
102 [ 102a | 103 | 104a | 104b | 106 | 107 | 108c | 109 | 110 | 110a | 111a | 111b| 112 | 112a | tion
Gastropod (corrected name):
Xancus of. X. validus (Sowerby) 1_____|____. SV U I = A I - A NSO SNSRI (SR SO o] X
Pelecypods:

Actla sp.®_ . R oo oo e e [ I UV RS SRR U NS
Saccella sp. (fine sculpture) 2__ _______|.____ R | e R I JEUS (VUSSR SN
Saccella aff. S. balboae (Brown and

Pilsbry) - | SRV (RURRUN VRN SPUUOR SURDUY NN (i S A I S e eaeea | X
Adrana Sp.2- - . __. ) 2 A IVURURNS IUUURR RO RSN FURpRp (EUUPRNY PR HUSU PRI R, SRR VSRR USSP SIS SR,
Anadara (Hawatarca?) sp_ ... _______ R oo U SN NN SNV U
Anadara (Rasia) dariensis progonica

Woodring, n. subsp..__ - ___.____|[.____ eeeeeece)eeccl R ||| Rsp | A | F C|F |C|C|X
Anadara (Rasia) athroa Woodring, n. R

) « SRR A FEUSUIOR WU SV U VUV UUPRUN FSNPO S SRR IR (RS
Anadara (Grandiarca) chiriquiensis

chiriguiensis (Gabb) - .. ___________|.__._ SRR [ © A N SRR U (SOOI PN NOU A |-__._ JUUSURUE IR NN VU .
Anadara (Grandiarca) balboai (Sheldon) | ?R |- o _|-o__|-—__fo___ C R [ ?R oo |eeeeeaa] | X
Muytilus canoasensis vidali Ferreira and

Cunha oo | SO NN (NURPEN FNPRUEN ' W PR SN SO, S (R, e ] X

1 Recorded on p. 286 as Xancus cf. X. rex Pilsbry and Johnson.
3 Not described.

The occurrence elsewhere and in other Canal Zone
formations of the same or related species is shown in
the following table :

Mollusks from Culebra formation and occurrence elsewhere and in
other Canal Zone formations of same or related species

Occurrence elsewhere and in other Canal
Zone formations of same or related species

Species from Culebra formation

Gastropod:
Xancus cf. X. validus
(Sowerby).!

X. validus (Sowerby), early
Miocene, Dominican Repub-
lic, Haiti. Also La Boca for-
mation proper and Emperador
limestone member.

Pelecypods:

Saccella aff. S. balboae
(Brown and Pilsbry).

. balbeae (Brown and Pilsbry),
Gatun formation, middle
Miocene, Costa Rica. Also
La Boca formation.

. dariensis dariensts (Brown
and Pilsbry), Gatun forma-
tion, middle Miocene, Costa
Rica, Darién area, Panams4,
Colombia, Dominican
Republic, Perd; late Miocene,
Panamd. Also La Boca
formation.

A. athroa Woodring, n.sp., La

Boca formation.

Early Miocene, Haiti, Per;
middie Miocene, Panams4,
Perd; middle(?) Miocene,
Haiti, Venezuela; middle or
late Miocene, Dominican
Republic.

A. chiriguiensis chiriquiensis
(Gabb.) For distribution see
above. Also La Boca forma-
tion.

1 Recorded on p. 286 as Xancus cf X. rez Pilsbry and Johnson.

Anadara (Rasta) dariensis
progonica Woodring, n.
subsp.

Anadara (Rasia) athroa
Woodring, n.sp.?

Anadara (Grandiarca)
chiriguiensis chiriqui-
ensts (Gabb).

Anadara (Grandiarca)
balboar (Sheldon).

Mollusks from Culebra formation and occurrence elsewhere and in
other Canal Zone formations of same or related species—Continued

Occurrence elsewhere and in other Canal

Species from Culebra formation
Zone formations of same or related species

Pelecypods—Continued
Mytilus canoasensis vidali

Early Miocene, Brasil; middle(?)
Ferreira and Cunha.

Miocene, Venezuela. Also
La Boca, Alhajuela, and
Gatun formations.

CUCARACHA FORMATION

Unidentifiable molds of Anadare were found in black,
carbonaceous shale of the Cucaracha formation at lo-
cality 122.

LA BOCA FORMATION, INCLUDING EMPERADOR
LIMESTONE MEMBER

Twenty-three described species in the present chapter
added to the 48 in preceding chapters bring to 71 the
total for the early Miocene La Boca formation proper.
This total does not include 35, for the most part iden-
tified only at the generic level, that are recorded, but not
described.

Five of the gastropods in the accompanying table
were already recorded, as noted in the table footnotes.
Cyphoma aff. C. intermedia is the earliest representa-
tive of the endemic American genus Cyphoma. The La
Boca fossils include Dentalivm uscarianum, a species
of the subgenus Fissidentalivm that occurs also in the
moderately deep-water facies of the Caimito formation.
Isognomon mimeticus, a remarkable narrowly mytili-
form species, is the type of the subgenus Mimonion.
Externally it mimics specimens of intermediate size
of Mytilus canoasensis vidali. So far as known,
Mimonion is extinct.
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Additional gastropods, scaphopod, and pelecypods

Localities

99 99b 99¢ 99d 99f 99g 99h 100

Gastropods:
Nerita (Nertta?) Sp-— - o oo e e e e e e e oo o
Turritella collazica Maury *_._________ . ____ o ____ SRR U PSSR SV USR] ORI NN
Turritella subgrundifera Dall 2. _____ ____ e e R | oo eee
Architectonica (Architectonica) nobilts Réding, subsp.®-____ .|| | e
Trochita SpA-— oo e e o e e
Cyphoma afl. C. intermedia (Sowerby) - _ oot e e e
Semicassis (Echinophoria) tostoma Vgoodring, IV« U ISR (NSRRI IRURUUR SRR FSRVEUIUNS SR NI SO
Xancus of. X. validus (Sowerby )5 _ __ e e e e

Scaphopod:
Dentalium (Fissidentalitum) uscarianum Olsson_ _ ______________|.c____ Folom oo e o mm e e eee e

Pelecypods:

cila (Acila) tsthmica isthmica (Brown and Pilsbry) - _ _ - __ || oo oo ool
Sacceella sp. (fine sculpture) - _ - e e e
Saccella sp. (elongate) & ___ ____ oo e e | e e R
Saccellg aff. S. balboae (Brown and Pilsbry) __ _________________|.______|..____ 3 7 U SR OSSN MU AP
Adrana sp-S_ _ o e e R Foloo oo
Barbatia (Barbatia) cf. B. cancellaria (Lamarek) _______________ 25p.R oo R | _j_____
Acar domingensis (Lamarek)?_ ______ e e e e Foolooom oo
Anadara (Rasia) dariensis progonica Woodring, n. subsp_ .. ___._|.____._ C C Foo oo
Anadara (Rasia) cf. A. medioamericana (Olsson)__________ | _|oo___|oo____ R (... ) N IS
Anadare (Rasta) athroa Woodring, n. sp-_ - __ oo oo e e e e a e -
Anadara (Tosarca) campta Woodring, n. sp_ - _ - _|ooo ool
Anadara (Grandiarca) balboas (Sheldon)____ ___ ____ i ______ -\ FRORUSNN FNURUIPNU NPNPUEUIUY PUERUU FUSIUN
Anadara (Potiarca) aff. A. chavezi (Engerrand and Urbina)__.___
Glycymeris (Glycymeris) carbasina Brown and Pilsbry_ . __.__.___
Glycymeris (Tucetona) Sp.S_ . __ .. _ . _______
Glycymeris (Tucetona) pectinata canalis Brown and Pilsbry?
Glycymeris (Tucetona) secticostata schencki Nicol..__ _ ___________
Mytilus canoasensis videli Ferreira and Cunha._________________
Brachidontes Sp_ ... oo ...
Modiolus americanus (Leach)?______ __ ___ o __.__
Botula fusca (Gmelin)?_ _ _ .
Pteria tnornata (Gabb) . _ - ...
Isognomon (Mimonion) mimeticus Woodring, n. Sp._ - - - - o _]oc oo fomoo oo oo ee e e e

1 Recorded on p. 98 as Turritella cf. T. collazica Maury. 3 Recorded on p. 165 as Architectonica (Architectonica) ef. A. nobilis Roding
2 Recorded on p. 105 as Turritella cf. T. subgrundifere Dall. 4 Recorded in list on p. 37 as Trochita? cf. T trochiformis (Born).
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(Nuculidae to Isognomonidae) from La Boca formation proper

Localities—Continued

100a 100b 101 101a 10th 101 114 115 116a 115b 116 116a 119 119¢ 125 127 127b 128
___________________________________________________________________ [ G700 PR SIPI [UPUSDI USSP MUS
_____ B 32 VORI SRR IR SRURNUINY SNURURVR SRUPIUNUO RVUSIDUPUPUE (UUPRDUURUY RSO NN S AN MNP SRR MY IR AU M
_______________________ { O NN INURURPUUY PNRPOUR NNRREPUIY [SURUIPUUUUEN FUSSDRUIR NS USUI [SUNIPUII IPIOUPIPUN NPUPUIPNY SUNPUIPRES USRI R
"""""""""""" S e I Pso.R | R |ITF E D I (Y A M N
_______________________________________________ ?sp.R | ?sp. DRUSUURPUN PSS NS SRR U
_______________________ S NN FNRUIUNU IR RN NUNPRIPRIN FUSPORP FUUIUPN PSR SPpUpRR RSP NS PPN M
_______________________ A ) NN SOOI FURSRRN FUSPDUDUDIPNS NUNPRNPRSNNY NUUUUUPRY NUUUUUP SRIEVUPIVSY PRRDEPIPR SUNIPRPI PSUPRIR PRIURS AP
___________________________________________________________________ ) 2 FN PSSR [PIDEPR Y NI AU U A
_______________________ F A | e R e e
_____________________________ N FEUSURPUUN ORURNO FENUUNPRPRPOY SUUIOHRRPE HUSURUPURY RPN SO PSP B O R R C
_____________________________________________________________________________________ R oo ]enee
TR I R ||y T T
_____________________________ R || R oo oo | F e |aeae
................................... R |...__. R ool C oo oo e e e
___________________________________________________________________ | 27 FRRUURURNY ISOUUNRRN FNDEUSRU IR USRI ER
_______________________ F oo oo a2 R [RUNUSENIRY SN FUSPNNIE PUPRNY ORI USRI R A
USSR NN OO NS O SO M) OOt NS NN o NN IO AN ORI NSNS A E A
_______________________ A ISR FEUURUUPOEY PRUIURUUONN SNVUPRIURUY PUNIURNUIPY IUPRRURPRUY NUUIPUPRUN ANUUPPRNNY IUNPSOUN (SUURRROY DU SNSRI M

F |- F ) S SR FEUSUORPINN PSSR (RPN R C |o___. A e e U
_____________________________________________________________ )2 J0 IERURS (EUURIN NSNS PSR ARSI MRS SR
___________________________________________________________________ R |- R | |ee oo
U ot O M S SO OO OO O O O O MO M
___________________________________________________________________ A R |||

5 Recorded on dp 286 as Xancus cf. X, rez Pilsbry and Johnson.
¢ Not described.
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The table below lists the occurrence elsewhere and in
other Canal Zone formations of the same or related
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Mollusks from La Boca formation proper and occurrence elsewhere
and in other Canal Zone formations of same or related species—Con.

species.

Mollusks from La Boca formation proper and occurrence elsewhere
and in other Canal Zone formations of same or related species

Species from La Boca formation proper

Occurrence elsewhere and in other
Canal Zone formations of same or
related species

Species from La Boca formation proper

Occurrence elsewhere and in other
Canal Zone formations of same or
related species

Gastropods:
Turratella collazica Maury ...

Turritella subgrundifera Dall 2_

Architectonica (Archi-
tectonica) nobilis Roding,
subsp.?

Cyphoma aff. C. intermedia
Zéowerby).

Seaphopod:

Dentalium (Fissidentalium)

uscarianum Olsson.
Pelecypods:

Acila (Acila) isthmica isth-

mica (Brown and Pilsbry).

Saccella aff. S. balboae
(Brown and Pilsbry).

Barbatia (Barbatia) cf. B.
cancellaria (Lamarek).

Acar domingensis (Lamarck)?_

Andara (Rasia) dariensis
progonica Woodring, n.
subsp.

Anadara (Rasia) cf. A.
medioamericana (Olsson).

Anadara (Rasia) athroa
Woodring, n. sp.

Anadara (Tosarca) campta
Woodring, n. sp.

Anadara (Grandiarca) balboai
(Sheldon).

Anadara (Potiarca) aff. A.
chavezi (Engerrand and
Urbina).

Glycymeris (Glycymeris)
carbasing Brown and
Pilsbry.

Late Oligocene, Puerto Rico.
Also Emperador limestone
member.

Early to middle Miocene,
Florida; early Miocene,
northeastern México.

A. nobilis nobilis Roding,
early Miocene to Holocene.

C. intermedia (Sowerby),
Holocene.

Early Miocene, Costa Rica.
Also Caimito formation.

For distribution see table for
Caimito formation. Also
Caimito and Gatun forma-

tions and Chagres sandstone.

Saccella balboae (Brown and
Pilsbry), Gatun formation,
middle Miocene, Costa
Rica. Also Culebra
formation.

B. cancellaria (Lamarck),
Holocene. Also Caimito
formation.

Acar domingensis (Lamarck),
Early Miocene to Holocene.

A, dariensis dariensis (Brown
and Pilsbry), Gatun
formation. For distribution
see table for Culebra
formation. Also Culebra
formation.

A. medioamericana (Olsson),
middle Miocene, Costa
Rica.

Questionably also Culebra
formation.

A. santarosana geraciera
(Gardner), early Miocene,
Florida.

A. chiriquiensis chiriquiensis
(Gabb). For distribution
see table for Culebra
formation. Also Culebra
formation.

A. chavezi (Engerrand and
Urbina). For distribution
see table for Gatun
formation.

For distribution see table for
Gatun formation. Also
Gatun formation.

Pelecypods—Continued

Glycymeris (Tucetona)
pectinata canalis Brown
and Pilsbry?

Glycymeris (Tucetona)
secticostata schenckt Nicol.

Mytilus canoasensis vidali
Ferreira and Cunha.

Brachidontes sp_.—___.______

Modiolus americanus
(Leach)?

G. pectinata canalis Brown
and Pilsbry, Gatun forma-
tion. For distribution see
table for Gatun formation.

G. secticostata secticostata
Nicol, middle Miocene,
Costa Rica; late Miocene,
Panamé. Also Gatun for-
mation and Chagres
sandstone.

Early Miocene, Brasil;
middle(?) Miocene, Vene-
zuela. Also Culebra,
Alhajuela, and Gatun
formations.

B. mississippiensis (Conrad),
Oligocene, Mississippi,
Alabama.

M. americanus (Leach),
Holocene.

B. fusca (Gmelin), Miocene
to Holocene.

P. inornata (Gabb). For dis-
tribution see table for

Gatun formation.

1 Recorded on p. 98 as Turritella cf. T. collaziea Maury.
2 Recorded on p. 105 as Turritelln cf. T. subgrundifers Dall. . s
3 Recorded on p. 165 as Architectonica (Architectonics) cf. A. nobilis Réding.

Before the flooding of Gatun Lake, MacDonald col-
lected Anadara dariensis progonica and Modiolus
americanus? from limestone on Rio Chagres near the
former site of Las Cruces (loc. 94). Both of these fos-
sils are listed in the tables for the La Boca formation
proper. The I'mestone may represent overlapping strata
of the La Boca formation, although the La Boca has not
been recognized in nearby areas.

Turritella collazica occurs in the Emperador lime-
stone members of the La Boca in the Gaillard Cut area
(loc. 128) and Xancus cf. X. validus in the Emperador
of Madden basin (loc. 71). Both also are listed in the
tables for the La Boca proper.

ALHAJUELA FORMATION

The few species from the early Miocene Alhajuela
formation and the occurrence of the same or related
species elsewhere and in other Canal Zone formations
are listed in the following tables.



GASTROPODS, SCAPHOPODS, PELECYPODS: NUCULIDAE TO MALLEIDAE

Pelecypods (Arcidae to Pinnidae) from Alhajuela formation

Localities

Lower member Upper member

76| 77 [79] 82 |82a|84a( 85 [85a| 86 | 87 | 89 90a

Arca imb%icata
rugudére. .. __. R
Anadare (Rasia)
dariensis dariensis
(Brown and
Pilsbry)?_.____.__... O I T : 2 N I e Bl R
Aﬂad%t(lgcési{z)kcf.)‘f.
fiss a (Spieker)!. . ___|....__. [ S JRUSEOH RO B 2 RO SR [ © 3 DS B
Anadaera (Tosarce) cf.
A. tectumcolumbae

JN IR [ ceeef--] C | R j.__|...., R | R

Qlycymeris (Tucetona)
eclinate canalis
rown and

Pilsbry)?. ... ... SN S eeeal SRR R

Mytilus canoasensis

vidali Ferreira and

R FRN O, R |l RSO R SRR IO RS SRR FPION O

RN PR, SRR PR ceec]ee R R |cec|--| R

1 Not described.
GATUN FORMATION

The distribution table for the middle Miocene Gatun
formation on pages 462, 463 lists 55 species. Four
of the gastropods, however, are already recorded in
preceding chapters and one of the pelecypods is not
described. (See footnotes at end of table.) This leaves
a net addition of 50 described species to the 289 covered
in earlier chapters.

Bailya crossate is the first Tertiary species of the
genus from the Caribbean region and the earliest now
known. An unfortunately incomplete, bizarre gastropod
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Pelecypods from Alhajuela formation and occurrence elsewhere
and tn other Canal Zone formations of same or related species

Occurrence elsewhere and in other Canal

Species from Alhajuela formation [
Zone formations of same or related species.

Late Oligocene to Holocene.
Also Gatun formation.

A. dariensis dariensis
(Brown and Pilsbry),
Gatun formation. For dis-
tribution see table for
Culebra formation.

A. fissicosta (Spieker), Gatun
formation; early Miocene,
Perd,

A. tectumcolumbae (Maury),
late Miocene, Trinidad.

G. pectinata canalis Brown
and Pilsbry, Gatun forma-
tion. For distribution see
table for Gatun formation.

Early Miocene, Brasil; mid-
dle(?) Miocene, Venezuela.
Also Culebra, La Boca,
and Gatun formations.

Arca imbricaia Bruguitre__._ ..

Anadara (Rasia) dariensis
dariensis (Brown and Pils-
bry)?

Anadara (Rasia) cf. A. fissi-
costa (Spieker).

Anadara (Tosarca) cf. A.
tectumcolumbae (Maury).

Glycymeris (Tucetona) pectinata
canalis (Brown and Pils-
bry)?

Muytilus canoasensis vidali
Ferreira and Cunha.

is deseribed as xancid ?, genus?. Any suggestions con-
cerning its affinities would be welcomed.

The Gatun fossils include 13 of the 24 species of
Anadare and half of the 12 species of the subgenus
Rasia of that genus. Anadara veatchi, a species of the
subgenus 7'osarca, is the earliest member of a lineage
that culminates in Anadare hyphalopilema now living
in eastern Pacific waters. Potiarca, as a subgenus of
Anadara, is adopted for many American species here-
tofore assigned to the subgenus Cunearca, including
Anadara chavezi of the Gatun fauna. Cunearca itself,
however, is represented by a Gatun species.
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Gastropods, scaphopods, and pelecypods

Localities
Middle part
Lower part
Eastern area
3 (Sl B(B|R]2 D o 122(2]215|Pe | 3 193 IS
318|855 88E88% & & & 2288 EE e s 2 |2 | § [§E5e

Gastropods:
Trachita spirate Forbes? \_____ . -
Crucibulum (Crucibulum) spinosum (Sowerby)_ ____________ .
Typhis (Pilsbrytyphis) woodringi (Gertman) 2
Engina turbinelle (Kiener) . ____________ .. _________.__ .-
Bailya crossata Woodrmg DT T JEVIS RN RO N B

cf. M. pro ,.WJa Anderson
Xancus validus hystems Woodring, n. subsp.3. . ... ... PR RO R F O
Xancus dodonaius praelacvigatus (E. H. Vokes) 4___________.____
Xancid?, genus?. o e iieemeean RO (RUNORS SR RN B

Scaphopods:
Dentalium (Dentalium) armillatum armillatum Towla. .. __.________ RPN RS A Y

Dentalium (Dentalivm) bothrum Woodring, n.Sp____.__._________ RN P
Dentalivm (Tesseracme) dissimile Guppy-....__. e R
Dentalivm (Graptacme) Sp-_ . ... U
Dentalmm (Rhabdus?) T
D (L lium) pyrum Pilsbry and Sharp_...__._...
Dentalium (Episiphon) innumerabile elossum Woodring, n. subsp
Cadulus (Gadilopsis) dentelinus (Gu, &)py) .......................
Cadulus (Platyschides) epetrion Woodring, n. Sp.___.______._....

adulus (Platyschides) bushii Dall._.__ .. ... JRVONY RO BN (RO P

Pelecypods

ucula ENucula) cf. N. cahuitensis Olsson. - ... ..o _foofoo | |aoifec]oa]ate e e e e ) e 34 N RO ) S RO O VUSROS BSOSO PO O R
Nucule (Nucula) tenuisculpta Gabb. - oo fee] e |eac e ea oo oo | o [mmfrmmmm fem e m e [mm [o e e |- o | = o= | = | = [~ = = o oo cm e = B IO DR O
Acila (Acila) isthmica isthmica (Brow: Y R O Ry NI R RRPRpIORS R RO RO POy RO S S (RO USRI (PRI S
Jupiterie subtumide (Woodring)?. ... e ai]eaa]een|aac]mea e m e o e oo e s e e e e e mo | e |2 2o e e [~ - [ <~ mm 2 e e [ e
Saccella acrita epacra Woodring
Saccella ¢f. S. fabalis (Olsson).
Saccella balboae (Brown and Pi
Adrana ci. A. newcombi (Angas) ...
Adranasps._ .
Arca imbricate Bruguidre._._________
Calloarca (Taemarca) cachle Olsson.
Acar domingensis (LamareK).__________ .. ...
Anadara éRasia) dariensis dariensis (Brown and Pilsbry, -
Anedare Rasia% actinophora actinophora (Dal)._ .. _______|-_.|eco|eoo|eae]-a]eclanfan|-m - o] e =
Anadare (Rasia) lienose trochela Woodring, . subsp.o - ool ecofaitleat|aafan o n o= -2 |- - oo
Anadare (Resia) cf. A. e'margmata (Sowerby).-_ S RO O RO NS R PO BRI
Anadara (Rasie) sechuranae (Olsson)....... .
Anadara (Rasia) fissicosta (Spieker)... ..
Anadara (Tosarca) veatchi veatchi (Olsson). .. . | feo]ooofeac]ec |- Ry cec - e e o oo e e e | em
Anadara (T08red) SP-- - - meeccecca e cmcmnan
Anadare (Grandiarca) dolaticoste (Pilsbry and Johnson)..
Anadare (Grandiarce) grandis patricia (Sowerby)?_ ...
Anadara (Potiarca) chavezi (Ertferrand and Urbina).__
Anadera (Potiarca) cf. A. berjadinensis (H. K. Hodson) -
Anadera (Cunearca) euwmeces Woodring, n. sp____.__.
Lunarca ovelis (Bruguiére)?. . __._____
Noetia (Noetia) reverse macdonaldi (Dall)...... ...
Glycymeris (Glycymeris) carbasina Brown and Pilsbry.
Glycymeris ( Tucetona) epacra Woodring, 1. Sp-. ...
Glycymeris (Tucetona, pectinate cawalis Brown and Pilsbry.
Glycymeris (Tucet hencki Nicol
Mytilus canoasensis vidali Ferreira and Cunha._
Crenella divaricate (’Orbigny) ... ...
Crenella ecuadoriana sentiaga Olsson.......
Atrina (Servatring) aff. A. serrata (Sowerby).
Pteria inornata (Gabb)?. ________ ...
Isognomon (Melna?) SP- - - oo

1 Recorded on p. 81 as Z'rochite trochiformis (Born).
2 Recorded on p. 220 as Typhis (Pilsbrytyphis) gabbi Brown and Pilsbry.
3 Recorded on p. 286 as Xancus validus validus (Sowerby)?.



GASTROPODS, SCAPHOPODS, PELECYPODS: NUCULIDAE TO MALLEIDAE

(Nuculidae to Isognomonidae) from Gatun formation
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Localities—Continued
Middle part—Continued Upper part
Eastern area—Continued Western area Eastern area Western area
O[T @ fo | b o [ S(2 e 2 s|Qlo|T 3 ] ] ] ol o
§ SESEISEE a8 e 582 slzzEE & 23225125 a8 sz 2 | & |8lerle| & |Blelelel€SES|E Slelelz iz zle
- Rl el e N N R e N R R e e R e R e R R A E  E A R ) - Ll R R e R R E N e R R ARl K - - vt Lt ot |- - Ll e N R e A e A R R A R R R R R R R R R N P R

4 Recorded on &J 286 as Xancus validus falconensis H. K. Hodson.
$ Not described.
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Three battered and worn valves of Anadara, subgenus
Grandiarca, were collected at locality 170. They were
transported and buried some distance from their habi-
tat, probably a brackish-water habitat, or were reworked
from older strata. One represents a distinctive species:
Anadara dolaticosta. The other two, identified as Ana-
dara grandis patricia?, are allied to the large eastern
Pacific type of Grandiarca, Anadara grandis. The Mio-
cene and Pliocene allies of that species in the Caribbean

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

region are reviewed and divided into a brackish-water
group and a marine group. My acceptance many years
ago of an alleged type (lectotype) of Sowerby’s Arca
patricia is repudiated, as was done, also many years ago,
by Rutsch. .

Six of the 86 unequivocally identified species and
subspecies are endemic. The occurrence elsewhere of the
other 80 is shown in the following table.

Occurrence elsewhere of mollusks from Gatun formation

Gatun formation Middle Miocene Late Miocene
o o -
sl 2|38 .- 52 (o2 | as £. g1 -
3 g s | B« E 2 < g 2 g
@ - =3
ARG IGIE AR R PR as 218
2| & El &1 8 |8, | &5 |sR5|505| o= S &l a8
& | 2 fag|afl 2 | 8 |8z | B8 B|278| 8% - 28| -~ A | §
5 | 2 |85(88| Q| » |25 |52 (3585525 5 |82 | 8|~ | s |8
E |2 |28|85| 8|5 |85 |5S|e8«|52<| 88| £ |ES| 2 |5 | § | 3
Slg(8°g" | 3 |@al& g8l a |83 |6]la|a|HE
Gastropods:

Crucibulum (Crucibulum) spi (Sowerby) X X
Engina turbinellg (Kiener)_________.__.___________ - X

Xancus dodonaius praelaevigatus (E. H. Vokes)
Scaphopods:
Dentalium (Dentalium) armilldtum armillatum Toula. ..
Dentalium (Tesseracme) dissimile GUDPDPY .- - «o oo oooeeeeo
Dentalium (Laevidentalium) pyrum Pilsbry
Cedulus (Gadilopsis) dentalinus (Guppy)...
Cadulus (Platyschides) bushii Dall
Pelecypods: -
Nucule (Nucula) tenuisculpta Gabb___.________________
Acila (Acila) isthmica isthmica (Brown and Pilsbry)____
Saccelln acrite epacre Woodring, n. subsp
Saccelle balboze (Brown and Piisbry) _____
Arca imbricate Bruguiere__________________
Calloarca (Taeniacra) cachla Olsson______
Acar domingensis (Lamarck). .. _________________.._._.
Anadara (Rasia) deriensis dariensis (Brown and Pilsbry).
Anadgra (Resie) actinophora actinophora (Dall)
Anadara (Rasia) lienose trochale Woodring, n
Anadara (Rasia) sechurana (Olsson).__
Anadara (Rasia) fissicosta (Spieker) __
Anadara (Tosarca) veatchi veatchi (Olss
Anadara (Grandiarca) dolaticosta (Pilsbry and Johnson. .
Anadara (Potigrea) chavezi (Engerrand and Urbina)____
Noetia (Noetia) reverse macdonaldi (Dally____________.__
Glycymeris (Glycymeris) carbasina Brown and Pilsbry _ __
Glycymeris (Tucetona) epacra Woodring, n.sp___.__.___
Glg(ﬁg{)»eris (Tucetona) pectinata canalis Brown and

subsp.

Mytdus canoasensis vidali Ferreira and Cunhsa
Crenella divaricata (A’Orbigny).____.___._____
Crenella ecuadoriana santiaga Olsson

1 San Sebastisn formation, Puerto Rico.

2 Las Perdices shale and deposits of early Miocene age in Rfo San Juan-Rio Sint
area, Colombia; Thomonde formation, Haiti; Ayamén limestone and Ponce lime-
stone, Puerto Rico; Pirabas formation, Brasil; Tampa limestone and Chipola forma-
tion, ic‘londa; lower part of Zorritos formation, Perd.

3 Lower part of Olsson’s Gatun formation.

¢ Hibachero. Piojo, and Tubara formations. .

5 Deposits of middie Miocene a%e in Bocas del Toro, Chiriqui, and Darién Provinces,
Panama; Cantaure formation, other deposits of middle Miocene age, and middle(?)
Miocene part of Santa Ynés group, Venezuela; middle Miocene part of Brasso forma-

In marked contrast to the gastropods, no genus or
subgenus in the scaphopod and pelecypod fauna of the
Gatun formation so far covered is extinct. The follow-
ing subgenera, however, are paciphiles; that is, they
formerly lived in the Caribbean region, but now are
extinet there and survive in the eastern Pacific Ocean.

Paciphile subgenera in fauna of Gatun formation
Tesseracme (subgenus of Dentalium)
Tosarce* (subgenus of Anadara).
Grandiarca® (subgenus of Anadaere)

Noetia s.s.

1 Oceurs also in La Boca and Alhajuela formations.
2 Occurs also in Culebra and La Boca formations.

ion, Trinidad; Agueguexquite formation and other deposits of middle Miocene
g.goe in Tehuanbepecg:reﬂland Chiapas, México; Shoal River formation and Oak Grove
sand member, Florida; Angostura and Daule formations, Ecuador; upper part of
Zorritos formation, Cardalitos, and Montera formations, Perd.

¢ Upper part of Olsson’s Gatun formation.

7 Usiacurf formation, Colombia; Esmeraldas formation, Ecuador.

s Playa Grande and Mare formations, Venezuela; Matura formation and Courbaril
member of Morne I’Enfer formation, ’f‘ﬂnjdad; Calocsahatchee formation, Florida.

9 Mofn formation, Costa Rica.

A few paciphiles, listed below, are at the species level :
Paciphile species in fauna of Gatun formation
Crucibulum (Crucibulum) spinosum (Sowerby)
Dentalium (Episiphon) innumerabile elassum Woodring,
n. subsp.
Saccelle acrita epacra Woodring, n. subsp.
Anadara (Grandiarca) grandis patricia (Sowerby)?
Noetia (Noetia) reversa macdonaldi (Dall)
Crenella ecudoriana santiaga Olsson
Botula fusca, which is doubtfully recorded from the
La Boca formation, survives on both sides of the Panama
land bridge.
One Bohio species and four Gatun species are more
closely related to living eastern Pacific species than to
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any known to be living in the western Atlantic Ocean.
They are as follows:

Spe‘cies from Bokio and Gatun formations more closely related to
living eastern Pacific species than to any known to be living in the
western Atlantic Ocean

Fossil species ‘Living eastern Pacific species

Species from Bohio formation:
Adrana stena Woodring, n. sp.
Species from Gatun formation:
Nucula (Nucula) cf. N. cahuitensis
Olsson
Saccella balboae (Brown and
Pilsbry)
Anadara (Rasia) dariensis
dariensis (Brown and Pilsbry)
Anadara (Rasia) of. A. emarg-
inata (Sowerby)

A. crenifera (Sowerby)
N. exigua Sowerby
8. fastigata (Keen)
A. concinna (Sowerby)

A. emarginata (Sowerby)

CHAGRES SANDSTONE, INCLUDING TORO
LIMESTONE MEMBER

. Mollusks from the Chagres sandstone proper covered
in the present chapter are listed in the following table.

Scaphopod and pelecypods (Nuculidae to Pinnidae) from the
Chagres sandstone proper

Localities

198 | 202 | 203 | 206 2062 206b 208

Scaphopod:

Dentalium (Fissi-
dentalium) grana-
danum esmeraldum
Olsson..._________ ee|eeefe=—I R

Pelecypods:

Acila (Acila) isth-
maica isthmica
(Brown and Pils-
bry) o _. R |[...)/]R | F

Saccella cf. S. ornata
(d’Orbigny).._ ... cee]ee oo | F

Anadara (Rasia)
honensis adiaphora
Woodring, n.

tona) secticostata
schencki Nicol_____ - R
Atrina (Servatrina)
aff. A. serrata
(Sowerby) _ . ... ___ eec]eea|-eol R

The occurrence elsewhere and in other Canal Zone
formations of the same or related form is as follows:

475-796 O - 73 - 2
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Mollusks from Chagres sandstone proper and occurrence elsewhere
and in other Canal Zone formations of same or related form

‘Occurrence elsewhere and in other Canal

Species from Chagres sandstone proper
Zone formations of same or related form

Scaphopod:

Dentalium (Fissidentalium) Esmeraldas formation, late
granadanum esmeraldum Miocene, Eucador.
Olsson

Pelecypods:

Also Caimito, La Boca, and

Acila (Acila) isthinica
Gatun formations.

isthmica (Brown and

Pilsbry)
Saccella cf. S. ornata (4’ S. ornata (d’Orbigny), late
Orbigny) Miocene to Holocene.

A. honensis honensts (Olsson),
middle Miocene, Costa
Rica, Jamaica.

Also La Boca and Gatun
formations.

A. serrata (Sowerby), Holo-
cene. Also Gatun formation,

Anadara (Rasia) honensis
adiaphora Woodring, n.
subsp.

Glycymeris (Tucetona) secti-
costata schencki Nicol

Atrina (Servatrina) aff. A.
serrata (Sowerby)

Unidentifiable molds of Anadara, subgenera Rasia
and Potiarca, and of Glycymeris, subgenus Tucetona,
were collected from the Toro limestone member.

DESCRIPTION OF TERTIARY MOLLUSKS—
CONTINUED FROM CHAPTER D

GASTROPODS—CONTINUED FROM CHAPTER D

Additions and corrections to families covered in pre-
ceding chapters —Twenty-six of the 35 gastropods de-
scribed in the present chapter are in collections from
the Gatuncillo, La Boca, and Gatun formations acquired
since publication of chapter B. One is an overlooked
species from the marine member of the Bohio(?) for-
mation. The other eight were recorded in preceding
chapters, but additional data, including corrections, are
presented for them. The page citations in headings refer
to preceding chapters.

Family NERITIDAE (p. 66)
Subfamily NERITINAE (p. 66)

The collection from the Gatuncillo formation at lo-
cality 28b, on Rio Palenque, contains four species of
neritids, an unusual number for an Eocene formation
in the Caribbean region.

Genus Nerita Linné

Linné, Systema naturae, 10th ed., p. 776, 1758.

Type (logotype, Montfort, Conchyliologie systématique, v. 2, p.
347, 1810) : Nerita peloronte Linné, living, Florida to
Trinidad.

This ancient genus is not common in the Tertiary
Caribbean province. Three Paleocene species, two
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Eocene, a Miocene, a Pliocene, and two of doubtful Plio-
cene age are on record. Opercula are unknown.

Subgenus?
Nerita listrota Woodring, n. sp.
Plate 69, figures 11, 12, 17

Of medium size, moderately thick-shelled, practically
flat-topped. Color, where not bleached, dark brown.
Upper edge of early half of body whorl angulated,
angulation progressively subdued on late half. Sculp-
ture coarse, consisting of weakly, or obscurely, noded,
closely spaced, spiral bands of varying width, that at
angulation widest. Growth threads strong, or fairly
strong. Outer lip thin, scalloped, short lirae within aper-
ture. Columellar lip dentate : a wide, moderately strong,
basal denticle, followed by five narrow, short denticles,
and a strong, unequally bifid upper denticle. Callus
sparsely papillate near columellar lip: two papillae dis-
tinct, two others obscure. Callus thick near lower border.

Height 15 mm, diameter 19 mm (type).

Type: USNM 646646.

Type locality: 28b (USGS 24553, Upper course of
Rio Palenque, 3.4 km in direct line west of Nuevo San
Juan and 1.3 km northwest of settlement of Palenque,
Colén Province, Panamé). Gatuncillo formation.

The outline and sculptural pattern of Nerita listrota,
represented only by the type, suggest alliance with
N. granulosa Deshayes (Cossmann and Pissarro, 1910
13, pl. 5, figs. 38-3), a late Eocene species from the
Paris basin. The callus of the Panama4 species is thicker
and not rugose, and the spiral bands are more closely
spaced. In outline and sculpture N. listrota resembles
also V. planospira Anton (Martens, 1887-89, p. 23, pl. 4,
figs. 4-7, 1887), living in the western Pacific Ocean.
The nonascending outer lip of N. listrota, thicker callus,
small central denticles on the columellar lip, and the
absence of two channels at the upper edge of the callus
show that the two species are not allied. No similar
fossil or living American species is known.

Occurrence : Gatuncillo formation (late Eocene), lo-
cality 23b.

Subgenus?

Nerita hadra Woodring, n. sp.
Plate 67, figures 1, 2, 6-8, 11, 12

Small, moderately thick-shelled, practically flat-
topped. Overall color pattern generally spirally macu-
lated. Sculpture fine, subdued, consisting of low, nar-
row,crowded, spiral threads, at intervals a thread wider
than others. Threads generally colored with light
brown, elongate rectangles or squares, longest rectan-
gles on widest threads. On early three-quarters of body
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whorl of one specimen color absent on some spiral strips
and solid on others. Outer lip thin, short lirae within
aperture, except on largest shell (type). Columellar
lip weakly dentate: a weak basal denticle, followed by
little denticles, and a conspicuous, slender, upper den-
ticle. Callus very thick for size of shell, especially lower
part.

Height 8 mm, diameter (not quite complete) 10.5
mm (type).

Type: USNM 646647.

Type locality : Same as preceding species.

Twenty-one specimens of this small species were col-
lected at locality 23b. The assignment to Nerita is based
on the lirate outer lip and the thick callus. To be sure,
the type, the largest specimen, shows no lirae. Though
its outer lip is broken, the part where lirae appear on
smaller specimens, two of which are shown on plate 67,
figures 1, 2, 7, 8, is intact. On the aberrantly colored
specimen (pl. 67, figs. 7, 8) the change in pattern takes
place abruptly.

No comparable species are recognized.

Occurrence : Gatuncillo formation (late Eocene), lo-
cality 23b. :

Subgenus Nerita s.s.?
Nerita (Nerita?) species
Plate 73, figures 5, 6

Small, thick-shelled, practically flat-topped. Color
pattern bleached, spiral bands light-colored and spaces
between them dark-colored. Spiral bands relatively
widely spaced, obscurely noded where not worn. Inte-
rior of outer lip denticulate. Columellar lip denticulate,
size and arrangement of denticles obscured by calcar-
eous crust. Surface of callus not well preserved.

Height 10.5 mm, diameter 11.2 mm (figured
specimen).

Seven specimens of this unnamed species, all found
in the La Boca formation at locality 116a, range in
diameter from 4.5 to 11.2 mm. The illustrated shell,
much of which is worn, is the only one on which the
aperture can be exposed safely.

The spire is lower than that of the living American
species and their fossil allies, and the spiral bands are
not as closely spaced.

Occurrence: La Boca formation (early Miocene),
locality 116a.

Genus Neritina Lamarck (p. 67)

Though 13 species of Neritina from the Tertiary
Caribbean province have been described, the operculum
of N. ectypha is the first to be found; in fact, the first
in America.
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Subgenus?
Neritina ectypha Woodring, n. sp.
Plate 67, figures 3-5, 9, 10, 14, 15

Very small, globose, spire very low. Prevailing color
pattern consisting of brown, hair-like, closely spaced,
wavy, axial lines on light-colored background. Irregu-
lar brown blotches generally superimposed on lines on
parts of shell. At middle of shell light-colored band
bearing widely spaced, looped, fine lines, convex toward
outer lip, and similar, generally narrower, band on low-
er part of shell present or absent. Hair-like lines absent
on an aberrant specimen, colored by three maculated
spiral bands and widely spaced, coarse, axial lines be-
tween uppermost band and suture. Columellar lip weak-
ly denticulate, uppermost denticle most distinct. Callus
thick, bulging, outer edge sharply limited. Operculum
light brown, peg moderately slender, rib slender and
strongly arched.

Height 6.4 mm, diameter 7.1 mm (type).

Type: USNM 646650.

Type locality: 28b (USGS 24553, Upper course of
Rio Palenque, 3.4 km in direct line west of Nuevo San
Juan and 1.3 km northwest of settlement of Palenque,
Colén Province, Panam4) Gatuncillo formation.

This very small species is represented by 19 speci-
mens. The thick, bulging callus and hair-like color
pattern are noteworthy. The aberrantly colored shell
is shown on plate 67, figures 5, 10. The operculum (pl.
67, fig. 9) was extracted from the shell illustrated on
plate 67, figures 3, 4). During extraction it was slightly
nicked and after the drawing was made, part of the peg
was broken.

Occurrences: Gatuncillo formation (late Eocene), .

locality 23a.

Subgenus?
Neritina species
Plate 69, figures 21, 22

Small, globose, thick-shelled, spire very low. Color
pattern consisting of spirally arranged, colorless crude
rectangles, or more rounded eyes, on a brown back-
ground. Spiral arrangement interrupted by a few ir-
regularly shaped colorless blotches. Columellar lip
corroded. Callus moderately thick, slightly bulging,
partly corroded.

Height 102 mm, diameter 109 mm (figured
specimen).

Though this may be a new species, the apertural face
of the single specimen is badly corroded.

Occurrence : Gatuncillo formation (late Eocene), lo-
cality 23b.
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Family VITRINELLIDAE (p. 69)
Genus Teinostoma H. and A. Adams (p. 69)
Subgenus Idioraphe Pilsbry (p. 69)

The earliest species of /dioraphe, Teinostoma prena-
num Wade (Sohl, 1960, p. 62, pl. 6, figs. 9, 10) is of Late
Cretaceous (late Campanian) age. The following is
the first of pre-Miocene age from the Caribbean region.

Teinostoma (Idioraphe) elachistum Woodring, n. sp.
Plate 70, figures 3, 9, 10

Minute, moderately thick-shelled to thin-shelled, de-
pressed dome-shaped. Periphery narrowly rounded.
Body whorl partly enveloping spire, which is more or
less covered with glaze of enamel. Faint spiral striae
visible on some shells. Umbilical and parietal callus
coalesced.

Height 0.6 mm, diameter 1.3 mm (type).

Type: USNM 646654.

Type locality: 28b (USGS 24553, Upper course of
Rio Palenque, 3.4 km in direct line west of Nuevo San
Juan and 1.3 km northwest of settlement of Palenque,
Colén Province, Panaméi), Gatuncillo formation.

Teinostoma elachistwm is most similar to 7. harrisi
(Palmer, 1937, p. 47, pl. 2, figs. 27, 28; middle Eocene,
Virginia), but is smaller and more compressed. It is
smaller also than 7. werrilli Meyer (Palmer, in Harris
and Palmer, 194647, p. 222, pl. 28, figs. 2, 4, 1947; late
Eocene, Mississippi). That species, however, is more
compressed.

Thirty-five specimens of this minute teinostome were
collected at locality 23b. The glaze of a thin translucent
shell is so thin that it does not conceal the spire.

Occurrence : Gatuncillo formation (late Eocene), lo-
cality 23b.

Family TURRITELLIDAE (p. 97)

Genus Turritella Lamarck (p. 97)
Turritella collazica Maury
Plate 71, figure 18

Turritella collazica Maury, New York Acad. Sci., Scientific Sur-
vey of Porto Rico and Virgin Islands, v. 8, pt. 1, p. 51, pl.
8, fig. 5, 1920 (Oligocene, Puerto Rico).

Turritella cf. T. collazica Maury, Woodring, this report, p. 98,
pl. 16, fig. 13, 1957 (Miocene, Canal Zone).

Large, apical angle wide. Whorl profile concave,
dominated by basal carina. Basal carina somewhat un-
dulated on best preserved specimen, tripartate: wide
lower and upper parts and narrow middle part on best
preserved specimen ; more equally tripartate on another.
Weak coarse spiral sculpture apparent on remainder of
whorl. Base missing. Growth lines obscure, sinus appar-
ently shallow and growth-line angle narrow.
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Height (3 whorls) 35 mm (estimated restored height
70 mm}), diameter 23 mm (figured specimen). Height (4
whorls) 54 mm (estimated restored height 80 mm),
diameter 29 mm (largest specimen).

Type: Am. Mus. Nat. Hist. 22556.

Type locality: Rio Collazo near San Sebastidn, San
Sebastidn quadrangle, Puerto Rico, San Sebastidn
formation.

When chapter A was prepared, the crushed mold
from the Emperador limestone member of the La Boca
formation, identified as Zurritella cf. T. collazica, was
the only specimen in the Canal Zone collections. Two
others from the La Boca proper are now available. The
shell of that illustrated is replaced by calcite. The other,
the large specimen mentioned on p. 431, is in poor con-
dition.

Maury’s type, which is not well represented by her
drawing, is available through the kindness of Dr. N. D.
Newell. Tt is a crushed mold, but shows more features
than the Emperador mold. The whorl profile is more
concave than indicated in the drawing. The basal carina
is weakly bipartate and the sculpture above the carina is
weaker and coarser than inthe drawing.

As noted by Maury, 7. collazica has no allies in the
Caribbean region. Unequivocal allies elsewhere are not
recognized.

Occurrence: La Boca formation (early Miocene),
localities 100b, 116a. Emperador limestone member of
La Boca formation (early Miocene), locality 123. San
Sebastidn formation (late Oligocene), Puerto Rico.

Turritella subgrundifera Dall
Plate 74, figure 1

Turritella subgrundifera Dall, Wagner Free Inst. Sci. Trans., v.
3, pt. 2, p. 313, pL. 22, fig. 23, 1892 (Miocene, Florida).
Pilsbry and Brown, Acad. Nat. Sci. Philadelphia Proc., v.
69, p. 35, 1917 (Miocene, Colombia). Merriam, California
Univ. Dept. Geol. Sci. Bull,, v. 26, no. 1, p. 48, pl. 29, figs. 8,
9, 1941 (Miocene, Florida). Gardner, U.S. Geol. Survey Prof.
Paper 142, p. 590, pl. 57, fig. 1, 1944 (Miocene, Florida).
Gardner, Geol. Soc. Am. Mem. 11, p. 153, 1945 (Miocene,
México).

Turritella cf. T. subgrundifera Dall, Woodring, this report, p.
105, pl. 16, fig. 3, 1957 (Miocene, Canal Zone).

Height (incomplete) 82.2 mm, diameter 13.6 mm
(figured specimen).

Type: USNM 113437.

Type locality: USGS 2214, Ten Mile Creek, 1 mile
west of Baileys Ferry, Calhoun County, Florida,
Chipola formation.

On the basis of seven additional specimens collected
at locality 101h, the slender carinate Twrritelle in the
La Boca formation is unequivocally identified as 7.
subgrundifera. Though the development of the sculpture
and the growth line are still unknown, in size, apical
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angle, whorl profile, including the carina near the base,
and strength and spacing of spiral threads, the best of
the La Boca fossils closely resemble those from the
Chipola formation of Florida.

Merriam (1941, p. 48) pointed out that 7'. subgrundi-
fera is an early species of his 7. ocoyana stock. It is a
relatively small, slender, early ally of 7. abrupta (p.
106, 430) and the Californian 7. ocoyana.

Occurrence : La Boca formation (early Miocene) lo-
calities 99d, 101h. Miocene, Colombia (Brown and
Pilsbry’s record). Guajalote formation (early Mio-
cene), northeastern México. Chipola formation (early
Miocene) and Oak Grove sand member of Shoal River
formation (middle Miocene), Florida.

Family PSEUDOMELANIIDAE
Genus Bayania Munier-Chalmas

Munier-Chalmas, in Fischer, Manuel de conchyliologie, p. 698,
1885. :
Type (orthotype) : Melania lactea Lamarck, Eocene, Paris basin.
Bayania epelys Woodring, n. sp.
Plate 68, figures 5, 6, 11, 12

?Bayania sp., Trechmann, Geol. Mag., v. 62, p. 496, pl. 24, fig.
2,1925 (Eocene, Barbados).

Large for the genus, moderately inflated, thick-
shelled or moderately thick-shelled, spire whorls almost
flat-sided. Protoconch and earliest post-protoconch
whorls almost flat-sided. Protoconch and earliest post-
protoconch whorls not preserved. Whorls generally
smooth ; exceptionally upper part of mature body whorl
or lower part of immature body whorl showing faint,
coarse, spiral sculpture. Growth lines slightly arcuate on
spire whorls and upper part of body whorl. Basal lip
slightly patulous. Parietal callus fairly thick.

Height (incomplete) 26.7 mm (estimated restored
height 81 mm), diameter 11.3 mm (type).

Type: USNM 646655; paratypes USNM 646656,
646657.

Type locality: 28b (USGS 24553, Upper course of
Rio Palenque, 8.4 km in direct line west of Nuevo San
Juan and 1.8 km northwest of settlement of Palenque,
Colén Province, Panama4 ), Gatuncillo formation.

Complete outer and basal lips are not preserved on
any of the 36 specimens, repersenting growth stages
from a height of 7 to 26.7 mm (estimated 8.5 to 31). The
outline of the outer lip, however, is shown by the growth
lines and the basal lip is preserved on two, one of which
is illustrated (pl. 68, fig. 11). The type is the largest
specimen, but a paratype (pl. 68, fig. 12) is in better
condition.

The earliest preserved whorls are at a growth stage
at which Bayania lactea, the early to late Eocene type
of the genus, bears axial and spiral sculpture, which
later disappears. The growth lines of B. epelys, and
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therefore the outer lip, are slightly more arcuate than
that of B. lactea. Despite these differences, the two
species have basically similar features, including a
slightly patulous basal lip. The middle Eocene Ameri-
can B. secalis (Lea) (Palmer, 1937, p. 184, pl. 21, figs.
18-20, 24) is much smaller (height 9 mm) and more
slender. Like B. epelys, its early whorls lack axial and
spiral sculpture. Trechmann’s unnamed middle Eocene
Bayania from Barbados may possibly be B. epelys.

Occurrence: Gatuncillo formation (late KEocene),
locality 23b. Scotland group (middle Eocene), Barbados
(identification doubtful).

Family PSEUDOMELANIIDAE?
Genus Charadreon Woodring, n. gen.
Type: Charadreon leptus Woodring, n. sp., Gatuncillo formation.

Small, slender to very slender. Spire whorls, except
earliest few, practically flat-sided and slightly turreted.
Early sculpture reticulate. Later sculpture consisting of
axial ribs overriden by closely spaced spiral threads.
Axial sculpture disappearing on intermediate whorls.
Spiral sculpture continuing with undiminished strength
or subdued on last few whorls. Outer lip, as shown by
growth lines, sinuate, apex of wide, shallow sinus at
upper third of whorl. Siphonal notch shallow. Siphonal
fasciole slightly inflated or not inflated, set off by low
thread.

The family relations of Charadreon are uncertain.
Though it is but a step from the patulous basal lip of
Bayania to the shallow siphonal notch of Charadreon
and from the arcuate outer lip of Bayania epelys to the
sinuate lip of Charadreon, perhaps the notch and sinus
are incompatible with assignment to the family Pseu-
domelaniidae. Whether Charadreon is related to the
modern fresh-water thiarids is doubtful.

Charadreon leptus Woodring, n. sp.
Plate 68, figures 14

Small, slender to very slender. Early post-protoconch
whorls slightly bulging, other spire whorls practically
flat-sided and slightly turreted. Body whorl slightly
turreted. Protoconch blunt, 114 to 114-whorled, end
marked by gradual appearance of sculpture. Earliest
sculpture reticulate, consisting of evenly spaced, fine,
axial and spiral threads, absent on lower part of body
whorl. At later stage axial threads transformed into
more widely spaced ribs, and spiral threads into closely
spaced, coarser threads overriding ribs. Axial ribs grad-
ually disappearing at varying stage on intermediate
whorls, generally last forming subdued nodes adjoining
suture. Spiral threads persisting; on some shells fine,
secondary threads between them, or subdued on last few
whorls and so closely spaced that only a shallow stria
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appears between them. Growth lines strongly arcuate
on spire whorls, apex of arc little above middle of whorl.
On body whorl forming a wide, shallow sinus, apex at
upper third of whorl. Siphonal notch shallow. Siphonal
fasciole slightly inflated or not inflated, set off by low
thread. Parietal callus moderately thick.

Height (not quite complete) 18 mm, diameter 6.5 mm

(type).

Type: USNM 646658 ; paratype USNM 646659.

Type locality : same as preceding species.

Charadreon leptus is extraordinarily abundant at
locality 28b, where an estimated several thousand were
collected. Some 50, including glassy specimens, are mi-
nute shells consisting of the protoconch, or the pro-
toconch and one or two post-protoconch whorls. Among
them are the only ones that have an undamaged outer
lip, but they represent a stage before the sinus was

formed. Of mature shells only the paratype has an un-
damaged siphonal notch.

As shown by the illustrations, this is a variable species
in outline and sculpture. The disappearance of axial
sculpture is invariable, but the stage at which it dis-
appears is variable, and the strength and spacing of the
spiral threads on late whorls are also variable. Moder-
ately slender specimens mimic the Oligocene western
European Bayania semidecussate (Lamarck) (Coss-
mann, 1909, p. 98, pl. 1, figs. 12-14) and very slender
specimens mimic the middle Eocene western European
B. bezanconi (Vasseur) (Cossman, 1899, p. 13, pl. 2, figs.
11,12).

Occurrence: Gatuncillo formation (late Eocene),
locality 23b.

Family THIARIDAE
Subfamily MELANOPSINAE
Genus Faunus Montfort

Montfort, Conchyliologie systématique, v. 2, p. 426, 1810.

Type (orthotype): Faunus melanopsis Montfort (=Strombus
ater Linné), living, western Pacific islands and Australia,
at mouth of streams.

Faunus xenicus closely resembles F. ater not only in
outline, practically smooth whorls, and apertural fea-
tures, but even in closely spaced growth lines, which
correspond to the lines marking darker color on shells
of F. ater. It is more similar to 7. ater than any of the
Eocene European species that have been assigned to
Faunus.

As pointed out by Olsson, Pseudofaunus bravoensis
(Olsson, 1931, p. 86, pl. 15, figs. 9, 11), a larger, thick-
shelled Oligocene Peruvian species that is the type of
Pseudofaunus, is distinguished from Faunus chiefly by
its strongly bulging siphonal fasciole. Its outer-lip
sinus also is deeper, more symmetrical, and the apex is
farther from the suture.
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Faunus xenicus Woodring, n. sp.
Plate 69, figures 13, 14, 19

Moderately large, slender, spire whorls practically
flat sided. Suture deeply incised. Mature body whorl set
off by progressively widened sutural shelf, its outer edge
swollen near outer lip. Earliest part of protoconch not
preserved, remainder indistinguishable from early
post-protoconch whorls. Sculpture limited to obscure
spiral bands and threads, most distinct on lower part of
body whorl, limited to that part on immature and some
mature specimens; on others appearing on entire body
whorl, or on that whorl and penult, or even antepenult.
Growth lines closely spaced, asymmetrically arcuate on
spire whorls, on body whorl forming wide, shallow,
asymmetrical sinus, apex at upper fourth of whorl.
Siphonal fasciole wide, flat, limited by low thread, bear-
ing growth lines of wide, moderately deep, asymmetri-
cal siphonal notch, apex near limiting low thread.
Columellar lip thick.

Height (4 whorls) 37.5 mm (estimated restored
height 55 mm}), diameter (incomplete) 18 mm (type).

Type: USNM 646662 ; paratype 646663.

Type locality : Same as preceding species.

All of the 22 specimens are incomplete—in fact, half
of them consist of only a few whorls—and none has
undamaged apertural features. The closely spaced
growth lines show that the outer-lip sinus is shallow.
The growth lines on the siphonal fasciole, preserved on
the type (pl. 69, fig. 14) and another specimen, reveal
a moderately deep, asymmetrical siphonal notch. The
fasciole itself is flat.

Faunus ater, the type of the genus, lacks a sutural
shelf on mature body whorls, its suture is not as deeply
incised, and the weak spiral sculpture on the base of
the body whorl is more obscure.

Occurrence: Gatuncillo formation (late FEocene),
locality 23b.

Family CERITHIIDAE (p. 170)
Subfamily POTAMIDINAE (p. 176)
Genus Potamides Brongniart (p. 176)
Potamides? micraulax Woodring, n. sp.
Plate 69, figures 4, 15, 16

Of medium size, slender, spire whorls flat sided. Low,
wide varix on intermediate whorls of one specimen.
Earliest preserved whorls sculptured with axial ribs
overridden by closely spaced spiral threads. Ribs grad-
ually disappearing. Sculpture of intermediate and late
whorls consisting of flat spiral bands separated by nar-
row, vertical-sided channels. Base sculptured with
narrow, more widely spaced bands. Outer lip, as shown
by growth lines, widely sinuate, apex at middle of
whorl. Siphonal notch wide, very shallow. Siphonal
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fasciole flat, except a slight bulge near notch, limited by
thread. Columellar lip thin.

Height (2+whorls) 20 mm (estimated restored
height 38 mm), diameter (incomplete) 10.2 mm (type).

Type: USNM 646664; paratypes USNM 646665,
646666.

Type locality: Same as preceding species.

The early sculpture is potamidine-like, but intermedi-
ate and late sculpture is like that of a sharply incised
Telescopium. Though ‘the outer lip, as shown by the
growth lines, and wide, shallow siphonal notch are
Potamides-like, typical Potamides lacks a siphonal fas-
ciole. The fasciole is preserved only on the type. Its
slight budge near the notch probably is an abnormal-
ity. The smaller paratype is the only one of the five
specimens showing varices. All five are incomplete.

The sculpture of Morgania costate (Woods, 1922, p.
83, pl. 9, figs. 7-10; Paleocene and Eocene, Pert) is
similar, but the outline of the Peruvian species is
pupoid.

Occurrence: Gatuncillo formation (late Eocene),
locality 23b.

Genus Hannatoma Olsson (p. 68)

Hannatoma is classified as a potamidine cerithid, in-
stead of as a thiarid. It is a unique genus without known
close allies. It occurs in Eocene deposits in Pert,
Panami, Colombia, and Venezuela, and in Oligocene in
Pert. Tt is doubtful that it is a brackish-water genus.

Hannatoma antyx Woodring, n. sp.
Plate 68, figures 9, 15, 19, 20
Hannatoma? cf. H. emendorferi Olsson, Woodring, this report,
p. 68, pl. 14, fig. 3, 1957 (Eocene, Canal Zone).

Moderately large, moderately slender, thick-shelled,
flat-whorled outlined modified by flange-like spiral
cords, especially sutural cord. Protoconch slender, two-
whorled, whorls inflated, end marked by gradual ap-
pearance of sculpture., Earliest two or three post-proto-
conch whorls carinate below middle of whorl. Later
early whorls evenly swollen. Earliest sculpture a carina-
forming spiral thread, followed immediately by a thread
above carina and later by other minor threads. Swollen,
widely spaced axial ribs, overridden by spiral threads,
appearing on third post-protoconch whorl and gradu-
ally disappearing on about tenth. As they disappear a
sutural cord is strengthened and in few whorls domi-
nates profile. Remaining whorls generally sculptured
also with two generally flange-like cords, representing
original carina-forming thread and later thread above
it. On many specimens upper one reduced, exceptionally
absent and lower cord almost as strong as sutural cord.
Base of mature body whorl bearing three or four other
widely spaced cords. Microscopic spiral sculpture on
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unworn surfaces. Growth lines strong, outlining outer-
lip wide, shallow sinus, apex between sutural cord and
next lower cord. On fully mature specimens supplemen-
tary sinus on sutural cord of body whorl at resting
stages marked by exaggerated growth lines. Siphonal
notch wide, shallow, as shown by growth lines. Siphonal
canal of moderate length, siphonal fasciole absent. Colu-
mellar lip thin.

Height (incomplete) 54.7 mm (estimated restored
height 70 mm), diameter (almost complete) 20 mm
(type).

Type: USNM 646667 ; paratype USNM 646668.

Type locality : Same as preceding species.

Hannatoma antyz, like Charadreon leptus but on a
smaller scale, is extraordinarily abundant at locality
28b. Some 300 specimens, ranging in height from 4 to
54.7 mm (estimated 70 mm), are in the collection and
perhaps an equal number, fragments of a whorl or two,
were discarded. It is by far the largest collection of
Hannatomae and the first collection to show the proto-
conch and the development of the sculpture. Of these
hundreds, however, none has an undamaged aperture,
mot even any of the scores of very small specimens.

The type, which was damaged and repaired during
growth, shows the prevailing sculptural pattern. The
incomplete silicified specimen from the Rio Casaya area,
described in chapter A, has only two subequal cordson a
whorl, like that shown on plate 68, figure 20. Disappear-
ance of axial sculpture is shown on plate 68, figure 15.

The spiral cords are sharper and more flange-like
than those of the other known species: H. emendorferi
Olsson (1931, p. 82, pl. 15, figs. 3, 8; Eocene, Pera, Co-
lombia, Venezuela), H. gester:i (Hanna and Israelsky)
(Olsson, 1931, p. 81, pl. 16, figs. 2, 7; Oligocene, Peri),
and H. tumbezia Olsson (1931, p. 82, pl. 15, figs. 1, 2;
Oligocene, Pert).

Occurrence : Gatuncillo formation (middle and late
Eocene), localities 28b, 38.

Genus Tympanotonos Schumacher

Schumacher, Essai d’'un nouveau systéme des habitations des
vers testacés, p. 211, 1817.

Type (monotype) : Tymponotonos fluviatills [fluviatilis] Schu-
macher (=Murexr fuscatus Linné), living, marshes at mouth
of rivers, tropical west Africa.

The type species has been well illustrated by Pilsbry

and Bequaert (1927, p. 246, pl. 20, figs. 1-9).

Tympanotonos acanthodes Woodring, n. sp.

Plate 68, figures 8, 10; plate 69, figures 23, 24
Large, slender, flat-whorled outline modified by
spines near suture. Intermediate and some early whorls

bearing a varix. Earliest preserved sculpture cerithoid,
consisting of axial ribs, pinched off before reaching base
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of spire whorls, overridden by three spiral threads, later
converted into flat cords, narrowed between ribs. Later
slightly undulated, narrower cord added at base of spire
whorls. On intermediate and late whorls ribs progres-
sively reduced between cords. Cord near suture progres-
sively more swollen where ribs formerly intersected it,
swellings eventually forming conspicuous spines. Other
cords narrower and noded, lower cord more closely
noded than other two. Slightly noded secondary thread
present or absent between those two. Microscopic spiral
sculpture on unworn surfaces. Growth lines strong,
exaggerated at intervals, outlining outer-lip wide, deep
sinus, apex at about middle of spire whorls. Base bear-
ing a strong cord near periphery, a lower cord below
middle, and, at least on immature shells, microscopic
spiral sculpture. Siphonal canal broken, siphonal notch
shallow, according to growth lines. Siphonal fasciole
slightly inflated, smooth, forming part of thick columel-
lar lip. Columella of immature shells bearing a low
median fold.

Height (3 whorls, siphonal canal broken) 36.5 mm
(estimated restored height 75 mm), diameter (includ-
ing spines) 27.5 mm (type).

Type: USNM 646671; paratypes USNM 646672,
646673.

Type locality : Same as preceding species.

This species is represented by 21 specimens, all frag-
ments of 2 to 10 whorls. As with many other gastropods
from locality 28b, the outer lip and the end of the si-
phonal canal are missing on all. The type and two para-
types, however, are practically the equivalent of an
entire mature shell and some of the apertural features
are preserved on the type and immature shells. A colu-
mellar fold is not apparent on the type species. Whether
it is present on mature shells of the Panama species is
indeterminable.

Tympanotonos is rare in America. Trechmann re-
corded an unnamed early FEocene Jamaican species and
one of middle Eocene age from Barbados (Trechmann,
1924, p. 14, pl. 2, fig. 6; 1925, p. 495, pl. 24, fig. 5, re-
spectively). The spines of the Jamaican species, repre-
sented by three topotypes in USNM collections (USGS
18281, 21980), are blunter than those of 7. acanthodes,
and below the sutural cord spire whorls are sculptured
with three coarsely noded cords and a fourth less noded
cord at the base of whorls. According to the illustration,
the Barbados species is not comparable to 7. acanthodes.

T. lagunitensis Woods, 1922, p. 90, pl. 11, figs. 10-12;
late Eocene, Perti) has been assigned to the endemic
American genus Diplocymae (Pilsbry and Olsson, 1935,
p- 11). Cossman (1906, p. 120) assigned Cerithium hills-
boroensis Heilprin, an early Miocene Florida species, to
Tympanotonos. It was placed under Potamides by Dall
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(1890-1903, p. 286, pl. 15, fig. 12, 1892) and is best left
there, despite the low, blunt spines on the sutural cord.

Occurrence: Gatuncillo formation (late Eocene),
locality 23b.

Genus Harrisianella Olsson

Olsson, Bull. Am. Paleontology, v. 15, no. 57, p. 20, 1979,
Type (orthotype) : Harrisianella peruviana Olsson, middle and
late Eocene, Peru.

This curious Strioterebrum-like cerithid genus is
found in formations of middle and late Eocene age in
Pert, in late Eocene deposits of eastern Colombia, and
of the Tonos{ area and Colén Province in Panam4, and
in a late Eocene formation in Texas.

Harrisianella camptica Woodring, n. sp.
Plate 69, figures 3, 5-8

Of medium size, slender, whorls practically flat sided.
Earliest whorls missing, earliest preserved whorls worn.
Varix on early whorls of one specimen. Sculpture dom-
inated by Strioterebrum-like, noded sutural cord. Nodes
at first rectangular, later axially elongate and retractive.
Remainder of spire whorls and of body whorl above base
sculptured with closely spaced, generally coarse axial
ribs, alined with nodes on sutural cord and connected
with them by slight swellings in groove setting off cord.
Ribs and retractive nodes forming are, outlining wide,
moderately deep, outer-lip sinus, apex near sutural cord.
Ribs abruptly terminated by deep groove at base of
spire whorls and at periphery of body whorl. On three
specimens ribs and nodes exceptionally narrow. Base
sculptured with two strong upper, spiral threads and
two weak lower ones. Siphonal canal apparently short,
end not preserved. Lowermost preserved part of smooth
siphonal fasciole set off by low thread, upper part
merging into wide, thick columellar lip.

Height (almost complete) 31.6 mm, diameter (almost
complete) 10 mm (type).

Type: USNM 646674 ; paratype USNM 646675.

Type locality : Same as preceding species.

Harrisianella camptica is based on 25 incomplete
specimens. The early whorls and some later parts of the
type and others are worn or corroded. Three fragments,
one of which is illustrated (pl. 69, figs. 7, 8), have ex-
ceptionally narrow ribs and nodes, but there is no gra-
dation between them and the prevailing coarser ribs.

The sutural-cord nodes and ribs form a stronger arc
than that of H. peruviana Olsson (1929, p. 21, pl. 8, fig.
7; middle and late Eocene, Perti), the type of the genus.
In that respect H. campicta is similar to H. plicifera
(Heilprin) (1880, p. 151, fig. 8; late Eocene, Texas),
the only other described species of the genus. The ribs
of that species, however, are wider, more closely spaced
and disappear on the later part of the mature body
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whorl. So far as sculpture is concerned, Heilprin’s draw-
ing is better than Aldrich’s (1897, p. 4, pl. 3, fig. 2), but
Aldrich’s figure 2a adequately shows the lower part of
the shell. His illustrations were reproduced by Palmer
(in Harris and Palmer), 1946-47, p. 802, pl. 89, figs. 11,
12, 1947). My colleague Druid Wilson called my atten-
tion to a collection of some 20 specimens of H. plicifera
from a well in Texas (USGS 11187, W. A. Everett No.
1, Three Rivers, Live Oak County, depth unknown).
They show a considerable range of variation in the width
and spacing of ribs on immature whorls. None is as large
as the largest of three in the type lot (USNM 8919).

H. camptica occurs also in the Biicaro formation of
the Tonosf area in southwestern Panami: the species
mentioned by Palmer (in Harris and Palmer, 194647,
p. 303,1947).

Occurrence: Gatuncillo formation (late Eocene),
locality 23b. Bficaro formation (late Eocene), Tonosi
area, Panamé (USGS 8286, 8414).

Subfamily CERITHIINAE (p. 170)
Genus Bezanconia Bayle
Bayle, in Fischer, Manuel de conchyliologie, p. 680, 1884.
Type (monotype): Cerithium spiratum Lamarck, middle
Eocene, Paris basin.

This distinctive Eocene genus is rare in America. It
has been found only in Jamaica, Panami, and Texas.
Atan early date Heilprin described the only Bezanconia
from mainland North America as well as the only
Harrisianella. His Fusus marnochi (Heilprin, 1880,
p. 151, fig. 6; Aldrich, 1897, p. 5, pl. 3, figs. 4, 4a; late
Eocene, Texas) is identified as an immature Bezanconia
(type, USNM 8917).

Generic assignment of the Paleocene Peruvian
cerithid described as Bezanconia pupoidea (Woods,
1922, p. 89, pl. 11, figs. 6-8) is doubtful.

Bezanconia cosmeta Woodring, n. sp.
Plate 68, figures 14, 16, 21

Of medium size, moderately slender to moderately in-
flated. Early whorls cerithoid, later whorls turreted,
widely and deeply channeled adjoining suture. A varix,
exceptionally two, on all whorls, except on a few earliest
and mature body whorl ; subdued on penult, or on penult
and antepenult. Protoconch missing. Early sculpture
like that of 7ympanotonos acanthodes: axial ribs over-
ridden by three spiral threads, later converted into
cords and a narrow thread added at base of spire whorls.
Ribs and later cords disappear at varying stage, ex-
ceptionally early on a few. Thread at base of spire
whorls continuing, but subdued on some antepenult and
later whorls. Immature base sculptured with spiral
threads, uppermost two strongest, all generally sub-
dued on mature shells. Microscopic spiral sculpture visi-
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ble on unworn intermediate whorls. Growth lines form-
ing shallow arc. Lirae or denticles on interior of some
immature body whorls. Siphonal canal short. Siphonal
notch apparently absent. Siphonal fasciole slightly in-
flated, smooth, on immature shells limited by over-
hanging shelf alined with columellar fold; on mature
shells forming slightly inflated part of thick columellar
lip. Mature columellar lip detached. Mature columellar
fold weak, immature fold strong.

Height (incomplete) 41 mm (estimated restored
height 51 mm), diameter (incomplete) 17 mm (type).

Type: USNM 646677 ; paratype USNM 646678.

Type locality : same as preceding species.

Twenty-eight specimens of this strongly sculptured
Bezanconia were collected at locality 23b. Almost half
of them, however, consist only of early whorls and an-
other quarter are fragments of two or three whorls.
As usual, the outer lip is broken on all. The type, a
slender shell, has an undamaged mature columellar lip.
Immature shells are distinguished from immature shells
of Tympanotonous acanthodes by the consistent varices
and stronger columellar fold of the Bezanconia, and by
the internal lirae or denticles of at least some. No lirae
or denticles are shown by an immature specimen of the
type species, B. spirate, that has a height of 30 mm, the
smallest available.

The strong early sculpture of B. cosmeta is unique.
The earliest available whorls of B. spirata (diameter
3 to 9 mm) are sculptured with fine spiral threads. As
noted by Trechmann, B. woodsi (Trechmann, 1924, p.
13, pl. 2, fig. 2; early FEocene, Jamaica), the only other
known Caribbean species, is like a small version of B.
spirata, but the channel adjoining the suture is narrower
and shallower. The early whorls are missing on the
type and a USNM topotype (USGS 18281).

Occurrence: Gatuncillo formation (late Kocene),
locality 23b.

Family ARCHITECTONICIDAE (p. 163)
Genus Architectonica Roding (p. 163)
Subgenus Architectonica s.s.

Architectonica (Architectonica) cf. A. nobilis Réding, Woodring,
this report, p. 165, 1959 (Miocene, Canal Zone).

Architectonica (Architectonica) nobilis Roding, subspecies
Plate 71, figures 4, 5, 10, 11

Moderately large, low-spired, umbilicus wide to mod-
erately wide. Dorsal surface sculptured with four
weakly noded cords, not including peripheral cord.
Peripheral cord weakly noded. Ventral surface sculp-
tured with narrow cord adjoining peripheral cord,
coarsely noded umbilical cord, and wrinkles extending
outward from umbilical cord.
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Height 6.5 mm, diameter 13.5 mm (smaller figured
specimen). Height (reduced by crushing) 8.5 mm, di-
ameter 30.5 mm (larger figured specimen).

Despite replacement of shell material by calcite,
among 25 specimens from the La Boca formation at
locality 101h and five at locality 116a, about half are
in good enough condition to show that they are not
Architectonica nobilis nobilis, which ranges back to
early Miocene time elsewhere in the Caribbean region
(p. 167). The best preservation is shown by an immature
specimen (pl. 71, figs. 4, 5, 11). The spire of the larger
llustrated specimen is crushed and the dorsal sculpture
is partly obliterated. The ventral sculpture is similar
to that of the larger A. nobilis karsteni (this report,
p- 167, pl. 30, figs. 1-3; Chagres sandstone), but the
umbilicus of that form is narrower.

Though this may be a new subspecies, no mature
specimen is well enough preserved to serve as a name-
bearer.

The La Boca fossils (Culebra of chapter B, localities
99b, 99¢c, 100, 116) recorded on page 165 as A. cf. 4.
nobilis presumably are the same as those from localities
101h and 1164, but are unidentifiable as such.

Occurrence : La Boca formation (early Miocene), lo-
calities 101h, 116a.

Family CALYPTRAEIDAE (p. 79)

Genus Calyptraea Lamarck (p. 80)

Calyptraea lispa Woodring, n. sp.
Plate 69, figures 1, 2, 10

?Calyptraea cf. C. aperta (Solander), Woodring, this report, p.
80, 1957 (Eocene, Panama).

Of medium size, high-spired, base subcircular to ellip-
tical. Early and intermediate whorls forming wide-
based cone, later part of mature body whorl shouldered.
Suture distinct or indistinct. Protoconch consisting of
114 to 134 capulid whorls, merging into first post- pro-
toconch whorl. Growth lines strong. Diaphragm deeply
sinuate at outer margin.

Height 9.5 mm, maximum diameter 19.2 mm (type).
Height 2.3 mm, maximum diameter 5.5 mm (paratype).

Type: USNM 646680; paratype USNM 646681.

Type locality: 23b (USGS 24553, Upper course of
Rio Palenque, 8.4 km in direct line west of Nuevo San
Juan and 1.3 km northwest of settlement of Palenque,
Colén Province, Panami), Gatuncillo formation.

This species combines the outline of the widespread,
long-ranging (Paleocene to Miocene) Calyptraca
aperta (Solander) (Cossmann and Pissarro, 1910-13,
pl. 12, fig. 78-1), the lack of sculpture of C. levis
Deshayes (1861-63, p. 276, 1861 ; C. laevigata Deshayes,
1824-37, p. 31, pl. 4, figs. 8-10, 1824, not C. laevigata
Lamarck, 1822; Eocene, Paris basin) and other species,
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and the deeply sinuate diaphragm of O. labellata

Deshayes (1861-63, p. 277, pl. 9, figs. 5-7, 1861; Oligo-

cene, Paris basin) and other species. In unsculptured

surface and deeply sinuate diaphragm it is similar to

O. centralis (Conrad), described on page 80, but the

outline of that species is a smoothly tapering, low cone.

The type is the largest of 15 specimens, two-thirds of
which are immature, including the paratype, the only
specimen that has an intact diaphragm. Though the
limestone molds, described as C. cf. €. aperta, have the
outline of C. lispa, their diaphragm is unknown.

Occurrence : Gatuncillo formation (late Eocene), lo-
calities 9, 12 (identification doubtful both localities),
23b.

Genus Trochita Schumacher (p. 80)
Trochita spirata Forbes?

Trochita trochiformis (Born), erroneous designation for 7.
radions (Lamarck), Woodring, this report, p. 81, plL 19,
figs. 11-14, 1957 (Miocene, Panam4i).

After publication of chapter A, in a personal com-
munication the late L. G. Hertlein, of the California
Academy of Sciences, called my attention to 7rochita
spirata Forbes (1850 (1852), p. 271, pl. 11, fig. 1; living,
Gulf of California; Reeve, 1859, species 8, pl. 2, figs. 8,
8a), which was overlooked when the fossils from Pana-
ma were identified. At a later date Olsson and Petit
(1964, p. 565) expressed the opinion that the Gatun spe-
cies is more suggestive of 7. spirata than of 7. radians.

I am indebted to Dr. Hertlein for the loan of five
specimens of 7. spirate from the coast of the state of
Michoacan, México. The dark-colored interior—a fea-
ture not available in fossils—readily distinguishes that
species from 7. radians. In addition, however, the ribs
are more widely spaced than those of 7'. radians. The
ribs of the smaller Gatun specimen (pl. 19, figs. 11, 12)
are widely spaced, whereas those of the larger (pl. 19,
figs. 13, 14) are closely spaced. That is, the identification
is equivocal.

The status of the middle Miocene Venezuelan frag-
ment described as 7. cf. 7. radians (Jung, 1965, p. 497,
pl. 66, figs. 1, 2) and of the early Pliocene Trinidad
small specimens identified as 7. radians (Jung, 1969,
p- 473, pl. 47, figs. 12, 13) is uncertain, but they evidently
are not 7. spirata. In any event the Trinidad form is the
last western Atlantic 7rochita.

Occurrence : Lower part of Gatun formation (middle
Miocene), localities 136, 136a.

Trochita species
Plate 72, figures 12, 16, 19
Trochita? cf. T. trochiformis (Born), Woodring, this report, p.
37 (list), 81 (mentioned without designation), 1957 (Mio-
cene, Canal Zone).
Small, low-spired to moderately high-spired. Ribs of
moderate width and height, closely spaced.
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Height 12.5 mm, diameter 23.3 mm (figured speci-
men).

Some 40 specimens of Trochita from the La Boca
formation at locality 116a are in better condition than
the six formerly available. All are small, their diameter
ranging from 12 to 30 mm. Their ribs consistently are
closely spaced. Whether this 7rochita is related to 7'
radians, as it appears to be, is questionable. On zoo-
geographic grounds it is doubtful that a Miocene Carib-
bean species is closely related to a species now living in
waters bathed by the Humboldt Current: an aspect not
considered in chapter A.

The ribs of the recently described late Miocene Flor-
ida species, 7. floridana (Olsson and Petit, 1964, p. 563,
pl. 81, figs, 2, 2a), the only species from eastern United
States, not only are very closely spaced, they are also ex-
ceptionally high.

Occurrence: La Boca formation (early Miocene), lo-
calities 115a, 115b (7'rochita? sp. for both localities, as-
signed to Culebra formation in chapter A), 116, 116a.

Genus Cruecibulum Schumacher (p. 82) ‘
Subgenus Crucibulum s.s.
Crucibulum (Crucibulum) spinosum (Sowerby)
Plate 73, figure 7

Calyptraea spinosa Sowerby, The genera of recent and fossil
shells, fase. 23 [p. 142], pl. 151, fig. 4, 1824 (age and locality
not specified). .

Crucibulum spinosum (Sowerby), Dall, U.S. Natl. Mus. Proc,, V.
37, p. 173, 2383, 1909 (living, California to Chile).

Crucibulum (Crucibulum) spinosum (Sowerby ), Olsson, Neogene
mollusks from northwestern Ecuador, Paleontological Re-
search Inst., p. 196, pl. 34, fig. 5, 1964 (Miocene, Ecuador).

COrucibulum auriculatum Chemnitz, Sowerby, Monograph of the
family Calyptraedae: in Thesaurus conchyliorum, p. 60, pl.
3, figs. 7-14, 1883 (living, Central America).

Crucibulum piliferum Guppy, Sci. Assoc. Trinidad Proe., pt. 3,
p. 172, 1867 (Pliocene, Trinidad) ; reprint, Bull. Am. Paleon-
tology, v. 8, no. 35, p. 51, 1921.

Crucibulum (Crucibulum) piliferum Guppy, Jung, Bull. Am.
Paleontology, v. 55, no. 247, p. 475, pl. 47, figs. 14-16, 1969
(Pliocene, Trinidad). .

Small, subcircular, low-spired, apex subcentral.
Capulid protoconch and about first half of first pest-
protoconch whorl smooth. Remainder of shell sculp-
tured with radial ribs of two ranks: (1) narrow, widely
spaced ribs bearing low broken spines, generally appear-
ing as stubby tubes or vaulted scales; (2) low, crowded,
more or less irregular, minutely nodose ribs, generally
trending at low angle to first order ribs. Cup broken, ex-
cept basal part.

Height 9.7 mm, diameter 15.2 mm (figured specimen).

A small nicked Crucibulum in the large collection
from the lower part of the Gatun formation at locality
138c is identified as O. spinosum, now living in eastern
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Pacific waters. It presumably is immature, but may rep-
resent a small Miocene race, smaller than the Pliocene
O. piliferum, which is considered to be a synonym of
C. spinosum.

This is an example of a paciphile at the species level ;
that is, a species that formerly lived in the present
Caribbean region, but now is extinct there and survives
in eastern Pacific waters. Examples at the species level
are rare.

Occurrence : Lower part of Gatun formation (middle
Miocene), locality 138c. Esmeraldas formation (late
Miocene), Ecuador. Melajo clay member of Springvale
formation (late Miocene), Trinidad (immature, iden-
tification doubtful). Courbaril member of Morne
PEnfer formation (early Pliocene), Trinidad (imma-
ture, identification doubtful). Matura member of Tal-
paro formation (early Pliocene), Trinidad. Living, east-
ern Pacific Ocean.

Family CYPRAEIDAE (p. 193)
Genus Siphocypraea Heilprin

Heilprin, Wagner Free Inst. Sci. Trans., v. 1, p. 86, 188T7.
Type (monotype) : Cypraea (Siphocypraea) problematica Heil-
prin, Pliocene, Florida.

Subgenus Muracypraea Woodring (p. 194)

Since Muracypraea was proposed as a subgenus of
Cypraea its status has been discussed by several authors.
The most satisfactory arrangement is that proposed by
Olsson and Petit (1964, p. 577; 1968, p. 280), who classi-
fied it as a subgenus of Siphocypraea. Coomans (1963,
p. 54) rejected Muracypraea as a synonym of Aklei-
stostoma (Gardner, 1943 (1944)-48, p. 213, 1948; type
(orthotype) : Cypraca carolinensis Conrad, late Mio-
cene, North Carolina, Florida). Countless specimens of
late Miocene age have turned up recently in Florida.
They show gradation in a carolinensis-problematica
lineage (Olsson and Petit, 1964, p. 556-560). That line-
age is unknown in the Caribbean region, and Mura-
cypraea is unknown in Florida.

Family OVULIDAE
Genus Cyphoma Roding
Roding, Museum Boltenianum, p. 21, 1798.

Type (logotype, Herrmannsen, Indicis generum malacozoorum,
v. 1, p. 355, 1847) : Ovula gibbosa (Linné) ; that is, Cyphoma
gibbose RoOding=Bulle g¢gibbosa Gmelin=Bulla g¢ibbosa
Linné, living, North Carolina to West Indies and northern
South America.

As noted by Winckworth (1945, p. 139), though

Cyphoma is a neuter noun, Réding chose to use it as

though it were feminine.
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Cyphoma aff. C. intermedia (Sowerby)
Plate 72, figures 13, 14

Large, thin-shelled, strongly inflated. Internal mold
of later part slightly bulging at middle. Apertural
features unknown.

Height (almost complete) 41 mm (estimated restored
height 45 mm), diameter 20.3 mm (figured specimen).

An internal mold from the La Boca formation at
locality 101h is of special interest as the earliest repre-
sentative of the endemic American genus Cyphoma. A
little of the thin shell adheres to the mold. The outline
indicates alliance to C. intermedia (Sowerby, 1848, p.
479, pl. 100, figs. 61, 62), which ranges from North
Carolina to Brazil. The fossil, however, is more inflated.
The mold would not reproduce the low hump of C. in-
termedia, although it shows a slight bulge. A fine speci-
men of C. intermedia (USNM 646419) was found by
Mrs. Shirley E. Hoerle in Olsson’s unit A in peninsular
Florida (Olsson, in Olsson and Petit, 1964, p. 521). It
is as large as the La Boca fossil but is more slender.
The anatomy of C. intermedia was described by Bayer
(1943, p. 109, pl. 14, fig. 27).

C. puana (Anderson) (1929, p. 140, pl. 9, figs. 9, 10;
Miocene, Columbia), a small species, evidently is re-
lated to C. intermedia.

C. mcginty: Pilsbry (Pilsbry and McGinty, 1939,
p. 2, pl. 1, figs. 3, 3a, 4,11, 12) occurs in the late Miocene
Limén formation of Costa Rica (USGS 20468) and
0. gibbosa (Linné) in the late Pliocene Moin formation
of that country: Dall’s Ultimus precursor (in Guppy
and Dall, 1896, p. 318, pl. 29, figs. 2, 3).

Occurrence: La Boca formation (early Miocene),
locality 101h.

Family NATICIDAE (p. 84)
Subfamily GLOBULARIINAE (p. 94)

Genus Globularia Swainson (p. 94)
Subgenus Globularia s.s. (p. 94)
Globularia (Globularia) megista Woodring n. sp.
Plate 67, figures 13, 16-18

Large, subglobose, spire of moderate height, whorls
narrowly channeled adjoining suture. Faint spiral linea-
tion apparent on some shells. Aperture expanded.
Umbilicus moderately wide. Sheath wide, bordered by
sharp rim. Lobe wide, its outer edge generally well de-
fined. (For terms sheath, rim, and lobe see Wrigley,
1946, p. 88 and p. 94 of present report). :

Height 68 mm, diameter 57 mm (type). Estimated
restored height 75 mm, diameter 60 mm (largest
specimen).

Type: USNM 646682,

Type locality: 23b (USGS 24553, Upper course of
Rio Palenque, 3.4 km in direct line west of Nuevo
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San Juan and 1.3 km northwest of settlement of
Palenque, Colén Province, Panami), Gatuncillo
formation.

Fourteen half-mature to mature specimens (height
about 40 to an estimated 75 mm) and 36 immature
(height 1.5 to 17 mm) of this large species are available.
Parts of the outer and basal lips are missing on all,
except some of the immature shells, or cannot be re-
constructed satisfactorily from small fragments.

In umbilical features (umbilicus, sheath, rim, and
lobe) @. megista is similar to G. recurva recurva
(Aldrich) (Palmer, 1937, p. 183, pl. 14, figs. 7, 8 ; middle
Eocene, Alabama), but is larger and has a narrower
sutural channel. In size, however, it is comparable to
G. recurva dumble; (Heilprin) (Palmer, 1937, p. 134,
pl. 14, fig. 10, 11; middle Eocene, Texas). Though in
umbilical features @. megista closely resembles the mid-
dle and late Eocene . patule (Lamarck) (Deshayes,
1824-37, p. 169, pl. 21, figs. 3, 4, 1832; Wrigley, 1946,
p. 90, fig. 5), of the Anglo-Parisian basin, that species
has a sutural narrow step instead of a channel and is
smaller.

Occurrence: Gatuncillo formation (late Eocene),
locality 23b.

Family CASSIDIDAE (p. 197)

Genus Semicassis Morch (p. 198)
Subgenus Echinophoria Sacco (p. 198)
Semicassis (Echinophoria) tostoma Woodring, n. sp.
Plate 71, figures 9, 12-14

Small, subglobose, distinctly shouldered. Terminal
varix missing, preceding varix on body whorl generally
absent. Sculpture consisting of weakly noded, low, nar-
row spiral threads, alternating with narrower, undu-
lated threads. Nodes strongest on shoulder spiral thread,
progressively more subdued downward on body whorl.
Two similar, but narrower, undulated threads between
shoulder and suture, one to three fine, secondary threads
between them and flanking them. Outer lip and end of
siphonal canal missing. Preserved upper part of si-
phonal fasciole inflated.

Height (incomplete) 28 mm, diameter (terminal
varix missing) 23.5 mm (type). Height (almost com-
plete) 20.7 mm, diameter (terminal varix missing) 16.8
mm (immature paratype).

Type: USNM 646713 ; paratype USNM 646714.

Type locality: 101h (USGS 28652, Panama Canal,
west side of Las Cascadas Reach, Canal Stations 1608
to 1612 plus 23 meters, near top of canal cliff, Canal
Zone), La Boca formation.

Semicassis tostoma is abundant in the La Boca for-
mation at the type locality (80 specimens) and four
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immature specimens were collected at locality 101i.
Much or all of the thin shell is missing on all of them.

The sculpture is more subdued than that of the two
species from the Caimito formation described on pages
198-199, and that of S. rondeleti (Basterot) (Cossmann
and Peyrot, 1922-24, p. 423, pl. 12, figs. 16, 17, 1924)
from the Burdlgallan of Aqultame

Occurrence : La Boca formation (early Mlocene) lo-
calities 101h, 101i.

Family MURICIDAE (p. 214)
Subfamily OCENEBRINAE?
Genus Leptomurex Woodring, n. gen,
Type : Leptomurex acares Woodring, n. sp., Gatunecillo formation.

Small, moderately inflated, distinctly shouldered,
lacking spines and varices. Uppermost part of all ex-
cept earliest whorls abruptly turned upward, greatly
attenuated in thickness, and overlapping lower third of
preceding whorl. Axial sculpture consisting of wide,
widely spaced ribs; spiral sculpture of low, wide bands,
confined to body whorl. Siphonal canal of moderate
length, deflected laterally from axial alinement and
slightly bent backward. Siphonal notch shallow.

The position of the suture is the most diagnostic
feature of this genus. It is not located at the abrupt
angulation of the whorl, where it would be expected,
but a third of the way up the preceding whorl. Though
it is undesirable to base a genus on a species repre-
sented by one specimen, so far as I am aware the suture
is unique for a muricid.

The subfamily status is uncertain, but the lack of
spines and varices favors assignment to the Ocene-
brinae.

Leptomurex acares Woodring, n. sp.
Plate 68, figures 22, 23

Protoconch blunt, 114-whorled, lower edge, except
that of tip, slightly angulated, end marked by disap-
pearance of angulation and appearance of axial ribs.
Ten ribs on first post-protoconch whorl, first few closely
spaced and weak. Seven ribs on body whorl. Growth
lines strong, sublamellar on ribs. Outer lip broken back,
only uppermost part preserved. Weak lirae within aper-
ture at lower end of broken lip. Four widely spaced
lirae far within aperture opposite penult rib. Other
features as described under genus.

Height 11.3 mm, diameter 6.8 mm (type).

Type: USNM 646684.

Type locality: 23b (USGS 24553, Upper course of
Rio Palenque, 3.4 km in direct line west of Nuevo San
Juan and 1.3 km northwest of settlement of Palenque,
Colén Province, Panam4), Gatuncillo formation.
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Whether the single specimen is immature is indeter-
minable. Small size, however, is not unusual among
Eocene muricids.

Occurence: Gatuncillo formation (late Eocene), lo-
cality 23b.

Subfamily TYPHINAE (p. 220)
Genus Typhis Montfort (p. 220)
Subgenus Pilsbrytyphis Woodring (p. 220)
Typhis (Pilsbrytyphis) woodringi (Gertman)

Siphonochelus (Pilsbrytyphis) woodringi Gertman, Tulane
Studies Geology and Paleontology, v. 7, no. 4, p. 180, pl. 7,
figs. 6a, 6b, 1969 (Miocene, Canal Zone).

Typhis (Pilsbrytyphis) gabbi Brown and Pilsbry, Woodring,
this report, p. 220, pl. 32, figs. 2, 3, 5, 7, 1959 (Miocene,
Canal Zone).

During the preparation of chapter B, I neglected to
compare the Typhis identified as 7. gabbi with the
type of that species. The type is smaller, less slender,
and, as pointed out by Gertman, its sculpture is basically
spiral rather than axial, and a buttress extends from a
varix to the preceding whorl. The specimen illustrated
in chapter B on plate 32, figures 5 and 7, was selected
as the type of 7. woodringi. When it was unpacked in
Washington it was found to be damaged.

Contrary to Gertman’s statement (1969, p. 179), the
type of 7. gabbi, from the middle part of the Gatun
formation, is the only specimen of that species. He
alleged that all the specimens of 7. woodring: are from
the upper part of the Gatun formation, although it was
recorded from the middle part (loc. 147g) on page
221. A total of 29 is now available from the upper part,
but only one from the middle part. It seems strange that
two species of this unusual subgenus are found in the
Gatun formation.

Occurrence : Middle and upper parts of Gatun forma-
tion (middle Miocene). Middle part, eastern area, lo-
cality 147g. Upper part, eastern area, localities 175, 176,
176a, 177b, a lot collected by John R. Embich.

Subfamily THAIDINAE (p. 222, as family)
Genus Cymia Moérch (p. 223)
Subgenus Tritonopsis Conrad

Conrad, Am. Jour. Conchology, v. 1, p. 20, 1865.
Type (monotype): Trifon subalveatum Conrad, Oligocene,
Mississippi.
Cymia (Tritonopsis) n. sp.
Plate 70, figures 26, 27

Small, inflated, body whorl angulated at shoulder.
Early whorls missing. Remaining whorls sculptured
with three coarsely noded spiral bands between shoulder
and suture, axial swellings between bands alined with
nodes (nodes and swellings greatly reduced or sup-
pressed on last third of body whorl), and two, later
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three, secondary threads between them. Four bands, de-
creasing in width downward, on preserved part of body
whorl below shoulder, one to three secondary threads
between them. Strong growth threads on entire shell,
especially between spiral bands and threads. Strong
lirae on interior of outer lip. Columellar fold strong.
Basal part of siphonal canal and all of siphonal fasciole
missing.

Height (incomplete) 13.5 mm (estimated restored
height 17 mm), diameter 10.3 mm (figured specimen).

The Gatuncillo formation at locality 23a yielded the
earliest known species of Cymia. It is left unnamed, as
the one specimen is in poor condition. It has been re-
paired as far as possible. The position of the columellar
fold, far down on the columella, probably is an artifact,
due to faulty repairing.

This new species is similar in sculptural pattern to C.
subalveata, the Oligocene type of Tritonopsis, but the
secondary sculpture of the Panam4 species is more deli-
cate. It is angulated also at the shoulder, whereas the
Oligocene species is rounded, as well as smaller, if the
single specimen is mature.

Occurrence: Gatuncillo formation (late Eocene),
locality 23a.

Family BUCCINIDAE (p. 256)
Genus Engina Gray

Gray, Zoology of Captain Beechey’s voyage * * * in His Majes-
ty’s ship Blossom, p. 112, 1839.

Type (logotype, Gray, Zool. Soc. London Proc., p. 133, 1847):
Engina zonate Gray (Enzine by error) (=Purpura turbi-
nelle Kiener), living, West Indies.

A photograph of the type species was published by
Bartsch, who was misled by Gray’s statement concern-
ing the size. The error was corrected by Orr, who repub-
lished the photograph at original magnification, desig-
nated the specimen as the lectotype, and identified it as
the common West Indian Engine turbinella. The two
papers just mentioned are cited in the following

synonymy.
Engina turbinella (Kiener)
Plate 74, figures 4, 5

Purpura turbinella Kiener, Species général et inconographie des
coquilles vivantes, Genre Pourpre, p. 29, pl. 9, fig. 25, 1835
36 (living, locality unknown [West Indies]).

Engina turbinelle (Kiener), Warmke and Abbott, Caribbean
sea shells, p. 116, pl. 21, fig. d, 1961 (living, Florida Keys
and West Indies).

Not Engina turbinella (Kiener), Dall, Wagner Free Inst. Sci.
Trans., v. 3, pt. 1, 131, 1890 (Pliocene, Florida); =En-
gina floridana Olsson and Harbison.

Engina zonatae Gray, Zoology of Captain Beechey’s voyage * * *
in his Majesty’s ship Blossom, p. 113, 1839 (living, Atlantic
Ocean). Bartsch, U. 8. Nat. Mus. Proc., v. 79, art. 15, p. 7,
pl. 1, fig. 6, 1931 (living, locality not specified). Orr, Nauti-
lus, v. 75, p. 107, pl. 10, figs. A, B, 1962 (living, West Indies).
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Small, inflated, biconic, concave between shoulder and
suture. Sculpture consisting of wide, swollen axial ribs
(nine on body whorl), a subdued primary spiral cord
near suture, seven primary spiral cords on body whorl
between shoulder and base, swollen on ribs, and closely
spaced secondary spiral threads between primary cords.
Interior of outer lip coarsely denticulate. Elongate, low
denticles on columellar lip, a stronger denticle on upper
part of parietal wall opposite a denticle on outer lip.
Base of columella thickened. Long, narrow ridge on
outer-lip side of insertion of siphonal canal. Siphonal
canal short; siphonal notch shallow; siphonal fasciole
slightly inflated.

Height (not quite complete) 10.9 mm, diameter 7 mm
(figured specimen).

A small specimen of Engina turbinella was found in
the lower part of the Gatun formation at locality 138f.
The tip is worn and corroded, and the apertural face is
worn. Many living shells are in the same condition, as
the species lives in water a few feet deep on rocky bot-
toms. Though the primary spiral cords are more uni-
form than those of the usual run of Z. turbinella, the
fossil closely resembles a shell from suction-dredge tail-
ings on Payardi Island, 8 km northeast of locality 138f.
Closely related forms on the Pacific side of Panamé
have been named E. panamensis and E. tabogaensis
(Bartsch, 1931, p. 7, pl. 1, fig. 7; p. 8, pl. 1, fig. 8,
respectively).

Occurrence : Lower part of Gatun formation (middle
Miocene), locality 138f. Living, Florida Keys and Ba-
hamas to northern Brazil.

Genus Bailya M[axwell] Smith

M[axwell] Smith, Panamic marine shells, p. 22, 1944.
Type (orthotype) : Triton enomalus Hinds, living, eastern Pa-
cific Ocean, Nicaragua to Panama.

Triton parvus C. B. Adams (Clench and Turner,
1950, p. 322, pl. 40, fig. 12) or the closely related, if not
synonymous, Phos intricatus (Dall, 1883 (1884), p. 825,
pl. 10, fig. 9) would have been a better choice as the type
species. 7'riton anomalus is a rare species, and its radula
is unknown. Two shells from the Gulf of Dulce, Costa
Rica, are in USNM collections (424961). Dr. H. A. Reh-
der informs me that the radula of 7riton parvus is
buccinid.

Bailya crossata Woodring, n. sp.
Plate 77, figures 14, 15

Moderately small, slender, somewhat turreted. Pro-
toconch missing except last half whorl, which merges
into first post-protoconch whorl. Sculpture consisting of
narrow axial ribs, overridden by narrow primary spiral
threads and closely spaced, low secondary spiral threads.
Primary spiral threads swollen on ribs. Thirteen axial
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ribs on body whorl and eight primary spiral threads
above base. Base sculptured with four frilled primary
spiral threads on siphonal fasciole, terminal frill strong
(uppermost two threads more widely spaced than
others), and a stronger, more widely spaced, frilled
primary thread still higher. Axial ribs attenuated or
suppressed between these basal primary threads. Sec-
ondary threads between them, as on remainder of
whorl. Entire shell delicately frosted by microscopic
growth threads. Quter lip varicose, edge frilled, interior
bearing short, low lirae. Columellar lip narrow. An
elongate denticle on upper part of parietal wall oppo-
site a lira on outer lip. Siphonal canal short; siphonal
notch moderately deep; siphonal fasciole slightly
inflated.

Height 16.9 mm, diameter 7.5 mm (type).

Type: USNM 646724.

Type locality: 138e (USGS 22391, Spoil from re-
finery-site suction-dredge operations on west side of
Payardi Island, Colén Province, Panami), lower part
of Gatun formation.

The strongly frilled basal spiral threads alone dis-
tinguish Bailya crossate from other species. In addition
it is slightly larger, and the spire is more distinctly tur-
reted. It is the first Tertiary species from the Caribbean
region to be recorded and the earliest species now
known. The type is the only specimen.

Occurrence : Lower part of Gatun formation (middle
Miocene), locality 138e.

Family MELONGENIDAE (p. 273)
Genus Melongena Schumacher (p. 273)
Melongena cf. M. propatula Anderson

Plate 73, figure 11

Of medium size, whorls uniformly overlapping earlier
whorl. Spiral sculpture of wide, or fairly wide, bands on
spire whorls and body whorl. On body whorl most dis-
tinct on and above shoulder, but extending in subdued
form down to siphonal fasciole. A row of blunt spines
on shoulder of body whorl (one spine on preserved half
of penult). Another row of smaller spines near base.
Siphonal fasciole narrow, strongly inflated.

Height (almost complete) 81.5 mm, diameter (not in-
cluding spines), 49 mm (figured specimen).

The apertural face of the single specimen of this
Gatun species is obliterated by corrosion. The wide, or
fairly wide, spiral bands suggest alliance with Melon-
gena propatula (Anderson, 1929, p. 133, pl. 11, figs. 1,2),
a middle Miocene Colombian species. If it is that species,
however, it represents a stage preceding development of
the greatly expanded mature body whorl. The type of
M. propatula is in poor condition and so is a somewhat
larger virtual topotype (USGS 10987).
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The sculpture of the incomplete La Boca specimen,
mentioned on page 273, is comparable.

Occurrence : Lower part of Gatun formation (middle
Miocene), locality 138£.

Family XANCIDAE (p. 285)
Genus Xancus Roding (p. 285)
" Xancus cf. X. validus (Sowerby)
Xancus cf. X. rex Pilsbry and Johnson, Woodring, this report,
p. 286, 1964 (Miocene, Canal Zone).
Xancus sp., Woodring, this report, p. 286 (Oligocene [Miocene],
Canal Zone).

E. H. Vokes (1964, p. 47, fig. 1), who illustrated the
lectotype of Xancus validus, has shown that X. rex is a
synonym of that species. The species recorded in chap-
ter C as X. cf. X. rex occurs in the Culebra and La Boca
formations.

X. validus is known to occur in the Baitoa formation
of the Dominican Republic (USGS 8558, 8668), as well
as in the Thomonde formation of Haiti (USGS 9779,
9782, 9948), both of late early Miocene age. It was not
found in the Cercado or Gurabo formations by the
Maury or USGS expeditions. The fine specimen illus-
trated by Maury (1917, p. 83, pl. 13, fig. 5) was col-
lected by Gabb. Col. Heneken, whose fossils were de-
scribed by Sowerby, collected along Rio Yaque del
Norte at and south of Santiago, and also farther west
on Rfo Amina, Rio Mao, and Rio Gurabo, and at other
scattered localities (Heneken, 1853, p. 122-125). The
Baitoa formation crops out on Rio Yaque del Norte
south of Santiago. To be sure, however, 90 percent of
the stratigraphically allocated species described by
Sowerby occur in the Gurabo formation (and 20 per-
cent exclusively in that formation), which also crops
out on Rio Yaque del Norte south of Santiago, as well
as on the other rivers mentioned.

Occurrence: Culebra formation (early Miocene), lo-
calities 104a, 104b. La Boca formation (early Miocene),
locality 116a (assigned to Culebra formation in chap-
ter C). Emperador limestone member of La Boca for-
mation (early Miocene), Madden basin, locality 71 (as-
signed to Caimito formation in chapter C).

Xancus validus hysterus Woodring, n. subsp.
Plate 73, figure 10; plate 74, figures 2, 3
Xancus validus validus (Sowerby) ?, Woodring, this report, p.
286, pl. 47, fig. 18, 1964 (Miocene, Canal Zone).

Larger than Xancus validus validus, but whorl pro-
file similar. Earliest preserved whorls weakly shoul-
dered; shoulder later progressively stronger. Earliest
knobs low, wide, strongly pinched in plane parallel to
suture; at later stage knobs stronger, but wider and
more pinched than those of nominate subspecies. Ear-
liest preserved whorls worn, showing wide axial ribs
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and traces of spiral threads. A weak spiral cord appear-
ing later well below shoulder. Mature body whorl sculp-
tured with four widely spaced, subdued spiral cords be-
tween shoulder and pillar, and closely spaced, subdued
cords on pillar. Microscopic spiral lineation visible on
well-preserved shells. Growth threads occasionally ex-
aggerated, but not strongly exaggerated at widely and
regularly spaced intervals on slope between suture and
shoulder.

Height (incomplete) 265 mm (estimated restored
height 300 mm), diameter 110 mm (type).

Type: USNM 646726 ; paratype USNM 646727,

Type locality: 159b (USGS 6273, Lock site [at
Gatun], Canal Zone, 10 to 50 feet (3 to 15 meters) below
surface, middle part of Gatun formation.

The large size, late appearance of knobs, wider and
more pinched knobs, and absence of strong, widely
spaced, exaggerated growth threads on the slope between
the suture and the shoulder distinguish this subspecies
from the nominate subspecies. The exaggerated growth
threads of the nominate subspecies are shown to good
advantage in Maury’s illustration (Maury, 1917, p. 83,
pl. 13, fig. 5) and in Pilsbry’s illustrations of Xancus
rex (Pilsbry, 1922, p. 342, pl. 26, figs. 5, 8).

Only four specimens of X. validus hysterus are avail-
able. The specimen serving as the type was unaccount-
ably overlooked when plate 47 was made up. The type
and the immature paratype were collected at the same
locality. Another large shell in the same lot—somewhat
larger than the type, but less complete—is a little more
inflated than the type (diameter 120 mm).

Occurrence : Middle part of Gatun formation (middle
Miocene), eastern area, localities 155, 159b.

Xancus dodonaius praelaevigatus (E. H. Vokes)

Xancus praevoideus (error for praecovoideus, see errata following
p. 251) Maury, Bull. Am. Paleontotogy, v. 5, no. 29, p. 83, pL.
14, fig. 18, 1917 (Miocene, Dominican Republic). Not Twur-
binelle praeovoidea Vrendenberg, 1916.

Xancus validus falconensis H. K, Hodson, Woodring, this report,
p. 286, pl. 48, figs. 4-6, 1964 (Miocene, Canal Zone).

Turbinella praelaevigata E. H. Vokes, Tulane Studies in Geology,
v. 2, no. 2, p. 52, 1964; new name for Xancus praeovoideus
Maury.

Type: Cornell Univ. 36829,

Type locality : Bluff 3, Cercado de Mao, Dominican Republie,
Cercado formation.

E. H. Vokes’ (1964a, p. 96) objection to classifying
Xancus falconensis as a subspecies of X. validus is justi-
fied.

Despite the identification in chapter C, which was
made without benefit of specimens of X. falconensis, a
series of 11 topotypes shows that X. falconensis is not
a suitable name for the faintly knobbed or smooth Xan-
cus from the Gatun. X. falconensis is slender and has
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a strongly constricted pillar. Its shoulder, not far from
the suture, is rounded or subrounded and on some speci-
mens is marked by an obscurely undulated, low spiral
thread. So far as known it is relatively small (maximum
estimated restored height 170 mm).

Two species of Xancus are represented in the collec-
tion from the Oak Grove sand member of the Shoal
River formation at USGS locality 2646, one smooth, the
other knobbed. The only fairly complete specimen,
which is smooth and immature, was selected as the type
of X. dodonaius (Gardner, 1926-47, p. 440, pl. 49, fig. 2,
1944). A fragment of the body whorl of a larger shell
also is smooth. Another specimen, consisting of the
spire and upper part of half of the body whorl, is
larger and more inflated than the type. The body whorl
has a distinct shoulder, undulated by long, thinly
pinched vestigial knobs, like those of X. validus hysterus
at a comparable growth stage. The fragment of a large
shell mentioned by Gardner, was collected at a nearby
locality (USGS 7054). It is strongly shouldered and
bears long, pinched knobs, like mature X. validus hys-
terus. No mature shells of X. dodonaius are in USNM
collections. A mature specimen from the Chipola forma-
tion (height 210 mm) was illustrated by E. H. Vokes
(1964, p. 50, pl. 1, fig. 2a).

X. praelaevigatus occurs in the Cercado and Gurabe
formations of the Dominican Republic. Five specimens
are in USNM collections from each formation (USGS
8525; 3516, 8519 respectively). Maury’s photograph
of the type of her X. praeovoideus is a better represen-
tation than the drawing in her Brazilian monograph
(Maury, 1925a, p. 623, pl. 7, fig. 12). This Xancus is so
similar to X. dodonaius that it is given subspecific rank
under that species. The chief difference is that the sculp-
ture of X. praelaevigatus disappears at a later growth
stage.

The Gatun Xancus, which occurs also in the Darién
area, is now identified as a large, variable, slender to
moderately inflated, faintly knobbed to smooth form of
X. dodonaius praelacvigatus. The maximum estimated
height of USNM Dominican Republic specimens is
180 mm, but Pilsbry (1922, p. 343) estimated 200 mm
for the largest in the Gabb collection. Estimated heights
for the largest Gatun and Darién shells are 250 and 300
mm, respectively.

Despite its name, it is unlikely that X. dodonaius
praelaevigatus is a predecessor of the small, ovate, liv-
ing Brazilian X. laevigatus.

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Occurrence: For occurrence in Gatun formation see
p. 287. Middle Miocene deposits, Darién area, Panama
(USGS 8430, 8476, 8477, 8479). Cercado and Gurabo
formations (middle Miocene), Dominican Republic.

Family XANCIDAE?
Genus?
Plate 73, figures 12, 13

Of medium size, spire of moderate height, whorls
rapidly enlarging in diameter. Intermediate and late
whorls strongly shouldered; widely spaced, spinose
knobs on shoulder of late whorls. Earliest whorls miss-
ing, later early whorls worn, but showing gross features.
Axial swellings on lower part of earliest preserved whorl
transformed on next whorl into widely spaced knobs at
base of whorl and evenutally into sinose knobs. Undula-
tions on band adjoining suture transformed into closely
spaced knobs, gradually flattened in plane parallel to
suture, gradually becoming bipartate also in plane par-
allel to suture, and eventually transformed into strongly
bifid knobs. Two widely spaced, low, undulated spiral
cords near suture, followed by two closely spaced, low
spiral threads near shoulder. Undulations transformed
into pinched knobs on last bit of shell. Suture below
shoulder knobs distinct on earliest preserved whorls,
obscure or concealed on later whorls. Lower part of
body whorl missing. Columella thick at broken end,
upper part bearing 10 closely spaced, narrow wrinkles.

Height (incomplete) 36 mm, diameter (including
knobs) 39.7 mm (figured specimen). '

The affinities of this bizarre fossil are undetermined.
The bifid knobs are especially bizarre. It is described
and illustrated in the hope that a more complete speci-
men may be found eventually. It was more or less cov-
ered with a hydrozoon crust, especially the upper part
of the spire, which was broken and worn before en-
crustration. The crust was removed, or almost entirely
removed. Though the suture is distinct on the early
preserved whorls, it is obseure or concealed on late
whorls. Where the preservation is good on late whorls,
fine growth lamellae extend across where the suture
should be, indicating that an extension of the mantle
covered it.

Were it not for the columella, it would not be unrea-
sonable to interpret it as a bizarre Vasum. It is by no
means certain, however, that it is a xancid; it may pos-
sibly be a cymatid.

Occurrence : Lower part of Gatun formation (middle
Miocene), locality 138c.



GASTROPODS, SCAPHOPODS, PELECYPODS: NUCULIDAE TO MALLEIDAE

Family CANCELLARIIDAE (p. 334)
Genus Cancellaria Lamarck (p. 334)
Subgenus Cancellaria s.s.
Cancellaria (Cancellaria) epistomifera sathra Woodring, n. name

Cancellaria (Cancellaria) epistomifera lipara Woodring, this
report, p. 337, 1970, not Cancellaria lipare Woodring, U.S.
Geol. Survey Prof. Paper 222, p. 76, 1950 (1951).

To propose a junior homonym is unfortunate, but for
an author to propose a name invalidated by one of his
own names is doubly unfortunate. I am indebted to
Mr. R. E. Petit for pointing out the error.

Family TURRIDAE (p.360)
Subfamily CLAVINAE (p. 374)
Genus Leptadrillia Woodring?

Woodring, Carnegie Inst. Washington Pub. 385, p. 159, 1928.
Type (orthotype): Twurris (Surcule) parkeri Gabb, Miocene,
Dominican Republic and Jamaica.

Leptadrillia? n. sp.
Plate 69, figure 9

Of medium size, slender, whorls almost flat-sided.
Early whorls missing. Sculpture consisting of narrow
axial ribs, almost straight and axial on earliest pre-
served whorl, later arcuate and protractive; seven on
last preserved whorl. Spiral sculpture limited to irreg-
ularly spaced lineation. According to ribs and growth
lines, anal sinus wide and shallow. Aperture missing.

Height (incomplete) 22.5 mim, diameter (almost com-
plete) 9.7 mm (figured specimen).

Though this Eocene species has distinctive features,
it 1s left unnamed, as both protoconch and aperture are
missing on the only specimen.

It is larger and more flat-sided than the Miocene to
living genus Leptadrillia, and has a narrower apical
angle. It is much larger than early Tertiary clavine
turrids from southeastern United States characterized
by absence of spiral sculpture, except on the pillar.
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